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06.iaCTb TeXHHKH 

H3o6peTeHHe othochtc* k o6iiacTH MOJieKynapHofi DHOJiornH, b nacxnocxH, k 
CHHTesy 6ejiKOB h nonnnenTHflOB b 6ecKJieTOHHbix cHciewax, nonyqaeMbix «3 

npOKapiiOTHMeCKHX H 3VKapHOTHMeCKHX KJICTOK. 
VpOBeHb TCXHHKH 

CviHTe3 no.iHnenTH^OB h 6enKOB b oecKnexonHbix cncxeMax xpaHcnsunji nepBoro 
noKO^Hiw (US Patent 4668624, Roberts. 1979) npoBoannca b cxaxHHecKOM (batch) 

pe)KHMe, B KOTOpOM pe3KUHOHHa« CMCCb HaXOHHTCH B VCJIOBHflX HOCXOaHCXBa 

napaNierpoB KOHUCHTpauHH Mg^, K + h xeMnepaxypbi. J,™ paCoxbi sxhx cncxeM 

HCnOJlbSVIOT 3KCTpaKTbI H3 npOKapHOTHHeCKHX (Zubay ,1973) H 3VKa P HOTHHeCKHX KJieTOK 

(Roberts and Paterson , 1973; Pelham and Jackson , 1976), a xaK>Ke npHponHbie hjih 
cHHxeTHHecKHe mRNA (US Patent 4937190, Palmenberg , 1990 ). 

BbicTpoe pa3BHTne 6HOxexHOnormi noxpeooBano paspaooxKH ajXbxepHaxHBHbix 
Niexo^OB, no3BOJiinouiHX noBbicnxb Bbixon cnHxesnpyeMbix 6e:iKOB. Ojxho H3 HanpaBJieHHH 

B COBepUXeHCXBOBaHHH MCTOHOB 6bIJIO C B H 3 a H O C pa3 P a60TKOH 60Jiee S^eKTHBHblX 
CHCTCM XpaHCJI^UHH, B KOTOpblX KOHUeHipaUHK) OCHOBHblX KOMnOHGHTOB 6eCKJteXOHHOH 

CHCxeMbi norjjiep^HBafOT b npouecce cnHTesa Ha hocxoshhom ypoBHe. B sxhx cncxeMax 
BToporo noKoncHH^ (Spinn et al., 1988 ) nenpepbiBHbin bboh cyocxpaxoB (peaoiM CFCF) 
nnxaKDniefi CMecn h bhbozx HHSKOMOJieKvnapHbix npo^yxxoB, HHrHGnpytoiUHX pa6oxy 
oecK.iexoMHon cncxeMbt , noBbimaex B peM* pa6oxbi h Bbixoa ueJieBoro 6enKa no 
cpaBHenino c KJiaccwHecKofi CHcreMon ciiHxe 3 a b cxaxunecHMX (batch) vcjiobhsx. 
M3BecTHbi paooxbi, Koxopbie 6binn nanpaB.ienbi Ha onTMMinaumo ycnoBHH cnHxe3a 
oenKOB b CFCF pe*nMe (Baranov . 1989; Ryabova et al.. 1989; Takanori et al.. 1991; 
SDirin . 1992: Baranov and Spinn. 1993: Volyanik et ah. 1993; Erdman et ah. 1994; Kim 
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and Choi , 1996; Yamamoto , 1996; Ryabova et ah, 1998; EP Patent 0312617, Alakhov et 
al., 1993; EP Patent 0401369, Baranov et al., 1995; US Patent 5478730, Alakhov et 
ah, 1995; EP Patent 0485608, Ovodov et ah, 1995; US Patent 5434079, Mozayeni , 1995; 
JP Patent 7075592, Shimizu , 1995; JP Patent 7031494, Sakurai , 1995; JP Patent 5076381, 
Sato , "1995; EP Patent 0593757, Baranov et ah. 1997; US Patent 5593856, Choi et ah, 
1997). 

r^pyroH cnoco6 yBen hhch ha 3c}x})eKTHBHOCTH cnHTe3a ocHOBan Ha Hcnoiib30BSHHH 
npHHunna HenpepbiBHoro o6MeHa (CECF pe>KH m) kom noneHTOB niiTaiomeH CMecn c 
KOMnoHenTaMH peaxuHOHHOH cm ecu nepe3 nonynpoHjniaeMbm oapbep 3a cneT 
ZtHtjD^ySHOHHOro npouecca (US Patent 5478730, Alakhov et ah, 1995). PesyJibxarbb 
nojiyneHHbie panoM aBTopoB (Davis et ah, 1996; Kim and Choi , 1996; US Patent 
5593856, Choi , 1997; JP Patent 10080295, Yamane , 1998), aeMOHcrpupyioT 
3HannTenbHoe ysenuHeHHe Bbrxozia cHHTe3HpyeMoro ue^eBoro nojitinenTnaa 3a cneT 
npouecca HenpepbiBHoro o6MeHa no cpaBneHHio co ctcUhhcckhm (batch) pe>KHMOM 
paSoTbi. 

OnHOBpeMeHHO c coBepiueHCTBOBaHHeM cncTeM TpaHcn^UHH npoztoji/KariHCb 
paooTbi no coBepLueHCTBOBaHHK) cnoco6oB nojiyHeHHfl mRNA b TpaHCKpHnuHOHHbix 
cHCTeMax, BKJnoHaiomHx RNA noJiHMepa3y h DNA. B 3thx cucreMax nojiyneHHe mRNA 
33BHCHT ot KOHuenTpaunn RNA nojiHMepa3bi h DNA, a Tanace ot KOHueHTpauHH Mg 2 ", 
pH, NTP h ot npyrux ttOHHbix vcjiobhh (Kern and Davis , 1997 ). CronMOCTb 
KOMnoHenTOB jin ^ in vitro TpaHCKpnnuuH, BKiuoHaromrix RNA nonnMepa3y , DNA h NTP 

AOCTaTOMHO BCTlHKa . il03TOMY Heo6xOHHMO npOBOZlHTb aHaJ!H3 yCJIOBHH Tpa HCKpH n UM H H 

ormiMH3HpoBaTb npouecc nojiyneHHfl mRNA (Gureyich et ah, 1991). 

H3BecTMbi cnocoobi CHHTe3H nojin nermuioB b pe>KHMe CFCF b npoKapnoTHHecKHX 
6ecK.neTOMHbix cnaeNiax b ycjiobuax conpH>KeHHon Tpa HCKp h n uini-Tpa hc.ih iih u (Baranov 
et ah 1989; EP Patent 0401369, Baranov et ah, 1995; Ryabova et ah. 1998) h cnocoobi 

CMHTCja B IVKapIlOTHMOCKHX OCCKJICTO l I H bl X CMCTCMax, B KOTOpblX 'JTatlbl TpaUCKpliHUUli H 




xpaHcnauHH npOHcxonHT b ohhom peaKUHOHHOM ooTsesie (Spirin , 1992; Baranov and 
Spirin , 1993; EP Patent 0593757, Baranov et al., 1997). 

JXjih 3yKapHOTHMecKHX 6ecicneTOHHbix chctcm H3BecTHO (Craig et ah, 1993), mto 

VCJIOBHH TpaHCKpHnUHH H TpaHCJIflUHH pa3JIHMHbI H, B CHJIbHOH creneHH, onpeflejmioTCfl 
BeJIHMHHOH KOHUeHTpaUHH Mg 2+ H K\ YMHTblBafl 3TH OCOGeHHOCTH LUHpOKO 

ncnonb3yeTCJi j\Byx - (US Patent 5665563, Beckler, 1997; Operating Guide, Single Tube 
Protein ™ . Novagen Inc., 1998) hjih Tpex - iiiaroBas npoirejjypa cnHxe3a (Roberts, 1973) 
b ciaTHHecKiix (batch) vcjiobhax. Ha nepBOM tuare co3naioTCfl onxHMajibHbie yciobhh jxtlx 
TpaHCKpnnunH, nocjie nero nonyneHHyio mRNA h.ih oMHtuatOT hjih cpa3y ziooaBJiinox b 

HOB VK) peaKUHOHH y K) CNieCb C nOZXOOpaHHblMH VCJTOBHflMH TpaHCJI^UHH. H3BeCTHbI 

oztHOUjaroBbie npouenypbi cHHTe3a nonnnenTHAOB b cuereMe TpancKpHnuHH-TpaHCJi^uHH 
(US Patent 5324637, Thompson et al. ,1994; Operation Guide, Linked in vitro SP6/T7 
Transcription/Translation Kit, Roche Diagnostics GmbH, 1998). AsTopbi naxeHxa (US 
Patent 5324637. Thompson et al. ,1994) ncnonb3yioT H3secxHbiH npuHUHn onm m h 3 aiiH h 
KOHueHTpauHH Mg 2T b peaKUHOHHOH cMecH. /Xo^aBjiMsi conb Mg 2+ b peaKUHOHHyio civiecb 
nepezt HanajiOM CHHxe3a, ohh ycxaHaBJtHBaiox b p e a k u h o h h o h cncTeMe KOHueHTpauHio 
Mr ;+ , HMeiomyio npoMe>KyTOHHoe 3HaneHHe \ie>Kny flBVM^ oriTHManbHbiMH 

KOHUeHTpaUHHMH Mg 2 + JUIX TpaHCKpHnUHH H RIM TpaHCJIflUHH. ^HajibHeHUJue 

Hcc.TejiOBaHHM noK-a3anH, mto xaKoro porta onxHMH3auHit He naex 3HaHHTejibHoro 
npenMyujecTBa nepen zibvx - niaroBbiMH hjih xpex - LuaroBbiMH npoueztypaMH. H3secxHbi 
HCCJienoBaHH^ (Laios et ah, 1998), Koxopbie roBop^T o tom. mto onxHMH3auHH Kaacjjoro 
H3 3TanOB, a HMeHHo xpaHCKpHnuHH h TpaHcnflUHH. b 2 - 6 pa3 6ojiee 3cJ)(j)eKTHBHa, nest 
onxitM H3auHH conpH/K£HHoro npouecca. C npyroft cTOponbi, npouecc onxHMH3auHH 
Bbioopa 3naMen»s KonueHxpaunn conn Mg 2 ~ ochob?.h na npenBapHTejibHOtl npoueziype 
H3MepeHHfl KOHLienTpauHH coneii Mg 2 " b JiH3axe hjih peaKu hoh hom oo-bCMe, mto 
ooecueHHBaex np»Hmin oztHOiuaroBOH npouerxypbi. 
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B naxenxe EP 0593 757 (Baranov et al., 1997) nOKa3aHa B03MO>KHOCTb npoBerieHHfl 
HenpepbiBHoro (CFCF) CHHTe3a nojiMnerrniaoB b 3yKapnoTHHecKHx 6ecKJieTOHHbix 
cHCxeivtax xpaHCKpHnuHH-xpaHcrisuHH b TeneHHH 20 nacoB . B xenemie cHHxe3a BCJiHMHHa 
KOHueHTpauHH Mg 2+ nozmep>KHBaeTC^ Ha hco6xoahmom ypOBHe 3a cnex nocroaHCTBa 
KOHueHTpauHH Mg 2+ b nHxaromeH cMecn. TIocKO/ibKy pH6oHVKJiea3HaH aKTHBHOdb b 
peaKUHOHHOH cHCTeMe Majia h Maxpnubi mRNA coxpaHHiox cbok) aKTHBHOCTb b tcmchhh 
jjji HTenbHoro BpGMCHH, peaKUHOHH3H CNtecb pa6oxaeT c paHee n bhob b 
cHHTe3npoBaHHbiMH MtiTpnuHMH mRNA » CHHTe3Hpyex ueneBOH npo^yKT npH 
nociojiHHOH KOHueHTpauHH Mg 2+ . Rnn Toro, HTo6bi CHHT63 npoLuen oojiee ycneumo, 

HeOOXOJIHMO 4T06bI TpaHCKp H n UHO H H 'AH COCXaBJLHIOUUa* CHCTeMbI TpHHCKpHnUliH- 

TpaHCJi^iuHH npoH3BO^HJia CHHTe3 riocxaxoHHoro KOJiHMecTBa mRNA h mix 3thx ueirefi 
Hcnojib30Bajiocb oojibiuoe kojimmcctbo noporocxoMineH no;iHMepa3bi SP6 hjih T7 (no 
30000 e/iHHHu). B reKCTe naxeHxa yKa3aHO, mto onxHMajibHbie vcjiobhh CHHTe3a aonacHbi 
ObiTb norio6paHbi b Ka>KjiOM KOHKpexHOM cjiynae. xaKOro non6opa Heo6xorjHMO 

npoBecTH HecKOJibKO CHHTesoB b ctsthhcckom (batch) pe>KHMe npH pa3HbIX 3HaMeHHMX 
KOHueHTpauHH Mg 2+ h onpe^ejiHTb onxiiManbHoe 3HaneHHe Mg 2+ una ziaHHoro 
nojiHnenxHXia. OriTHMknauH* npouecca xpeoyex BpeMeHH h SBJiaexcn rrocxaxOHHO 
noporocxofliueu npouejotypoti. 

H3BecTHbi ycTpOHCTBa, b KOTopbix peacHM HenpepbiBHoro o6MeHa (CECF) 
norjriep>KnBaexcfl 3a cner npouecca ziHcjx^HH. YcxponcxBO Ha ochobc nuajiinHoro 
Memxa, jxnn cnHxe3a nonHnenxmiOB b 6ec kji exo h h o h cncxeMe. BnepBbie onncaHO b 
naTenTe US 5478730 (Alakhov et al., 1995). OrtpMa Promega Corp. ( Davis et ai., 1996) 
npneena cpaBHHxejibHbiu aHann3 chhtc30b, b cxaxu hcckom (batch) pe>KHMe h b pe>KHMe 
HenpepbiBHoro ooMena, uji« conp^A'CHHOii xpa HCKpH nun H-xpa hcjiauhh b 
npoKapnoTHMecKOH cncreMe na ochobc jKCxpaxxa M3 E. coli. Aaxopbi ncnojib30Ba;in hjih 
cpa BUCHHH ,xnajiM3axopbi, BbinycKaeMbie cjmpMoii Spectrum Medical Industr. xnna 
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"DispoDialyser" (US Patent 5324428 .Flaherty , 1994) h zrnarnnaTopbi "Slidealyzer". 
BbinycKaeMbie $HpMoii Pierce Chemical Comp. ( US Patent 5503741, Clark , 1996). 

JIjih CHHTC3 a noJiHnenTHZiOB b peaaiMe conp*i>KeHHOH TpaHCKpnrmnn-TpaHCjiauHH b 
npe^BapiiTejibHO KOHiieHTpn poBaHHOH npoKapHOTHnecKOH cucTeMe (Kim and Choi, 1996) 
HcnoJiE30BaHa jxn3Ji\i3H3.H .\ieM6pana, yxpenjieHHaa Ha xxhq unnnHnpa. 

Pl3BecTeH zxna.TH3aTOp, b KOTOpOM Me\i6paHa BbinonneHa H3 ncxnbix bohokoh 
(Vamamoto , 1996). riHTaiomafl c\tecb npoxo/iHT no BHVTpCHHe.My o6"beMy nonbix 

BOJTOKOH, 3a CM6T ,ait(})Cj)y3 H H FipOHCXOHHT o6mCH Nie^KJiy K O M n O H e H T a M H peaKUHOHHOH 

CNiecii h nHTaioLuen CNiecbto. 

H3BecTHO ycTpoficTBO (JP Patent 10080295, Yamane , 1998), b KOTopo.M mcmGpshv 
Hcno,ib3vK)T sun noimep>KaHHa nocTOHHHbix vchobhh CHHTC3a 3a cqer zxHc})qiy3HH 

HH3KOMOJieKVnflpHbIX CVOCTpaTOB HHTatOmeH CMeCH, UHpKV.THpyfOLijeri BUOTb HHaJIH3HOH 

MewopaHbi. 

HanGojiee 6th3khm k paccMarpHBaeMbiM b naHHOM H300peTeHHH ycTpofiCTBaM, 
paGoxawinHM b pe>KMMe nenpepbiBHoro oSMena CECF, nBJixeTcn naTeHT US Patent 
5478730 (Alakhov et al.. 1995). ABTOpbi naTeHTa npuBenn ^eTajibHoe onncaHHe 

TpeOOBaHHH K nOpHCTOMY 6apbepV ? KOTOpblH MO>KeT OblTb BbinOHHeH H3 /1H aJl H3HOH 

MeMopaHbi , nnocKnx MeiuGpan hjih no/ibix bojtokoh h KOTOpbie, b cbokd onepe^b, MOryT 

6bITb CKOMnOHOBaHbl B MHOrOCJIOHHbie CTpYKTypbl. 

H3BecTHbi ycTpowCTBa, KOTOpbie peajtH3VK)T npoTOHHbin (CFCF) npHHUnn 
paooTbi. 3th ycTponcTBa OTJinnaioTCs zipyr ot ^pyra npnHunna.\ni cji>opM HpOBSHHH 
noTOKOB nnTatouueH cpe/ibi n npn HunnaMH OTBO/ia nponyKTOB cnHTC3a h MeTat5ojiM3Ma 
HHrMOHpyroujHX paooTy CHCTeMbi. 

Hcnonb30BaHHe o-mon y-TbTpacjDH.TbTpauHOHHon MCMOpa h hi b peak-Tope 
npoTOHHoro Tuna onncano n pnzie CTaTen ( Spirin et al., 1988; Takanon et al., 1991; Spirin 
. 1992: Yolyanik et al.. 1993; Kim and Choi , 1996; Ryabova et al.. 199S). K HeaocraTKaM 
TaKoro cnocotv": mo>kho OTnecTn to, mto bxozihoh noiOK n h t a hd lu e h cm ecu paBeH no 
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06-beMy Bbixo^meMy noTOKy HH3KOMOJieKyji«pHbix h BbicoKOMOJieKyjiapHbix 
KOMnoHeHTOB , 4to npHBo/jHT k 6bicTpow noTepe npOHHuaeMOCTH nop 
yjibTpacj^HJibTpauHOHHOM MeM6paHbi . 

H3secTHO ycTpoHCTBo (DE Patent 3914956, Fischer et ah, 1990), aBTopbi KOTOporo 
npexmaraioT ocymecrBJiflTb MHoroKpaTHbiH HMnyjibCHbiM bbojx nwTaiomeft CNiecH b 
peaKUHOHHbifi o6-beM. C stoh uejibio ocyiuecTBJiflK)T cj^opMHpoBaHHe N uhkjiob no 
co3^aHnio n on o >k m Ten buoro h OTpnuaTCJibHOro AaBjienns b peanuHOHHOM o6teMe. B 
nepnort co3/iaHHfl noiio>KHTejibHoro AaBJieHiiH HHrn6Hpyiotnne npo,ayKTbi CHHTe3a 
BbiBO^iHTC^ H3 peaxuHOHHoro o6-be\ia qepe3 nopucTbifi 6apbep h CMetuHBaioTCfl c 
mrrafomeH cMecbio, B c})a3e oTpnuaTenbHoro zxaBJieHHH, wacrb HHrHOHpyiomHx nporryKTOB 
CHHTS3 a BMecre c onepejiHOH nopunefi nHTaiomen CMecn B03BpamafOTC?i nepe3 nopncTbiH 
6apbep oopaTHO b peaKUHOHHbifi o6-beM. KpoMe 3-Toro, BbicoxoMOJieKynapHbie 

KOMIlOHeHTbl 6eCKJieTOMHOH CHCTCMbl HeoSxO^HMbie ZUfl miHTQ JlhHOrO CHHT63a, BMeCTe c 

nponyKxaMH cnHTe3a hht6hchbho BbiMbmaioTCfl H3 peaKUHOHHOH cmcch. 

M3BeCTHO ycTpoHCTBo (US Patent 5434079, Mozayeny , 1995) , b KOTopoM 

nOBblLliaiOT 3(}3Cj3eKTHBHOCTb OTBOZia npOZtyKTOB C 60JTbUJOH MOJieKVJlflpHOH MaccoH nyTeM 

yBejiHHeHHH nJiomann yjibTpacpHJibTpauHOHHOH MeM6paHbi. B npouecce cnHTe3a 
KOMnoHCHTbi 6ecKJieTOHHOH CHCTeMbi yjianxK>TC${ BNiecTe c ueneBbiM nonnnenTH^OM nepe3 
6oJibLuyK) njiomaub otvx napajuiejibHbix MeM6paH c pa3MepOM nop ot 70 ro IOOkD, hto b 
KOHeHHOM HTore, orpaHHHHBaeT BpeMH cnHTe3a. 

Han6ojiee ojuokhm, k paccMaTpuBaeMONiy b inoopeTeHHH ycTpoficTBy jmn 
cnHTe3a noJinnenTnnoB b pe>KHMe CFCF, xBiwejCH yctpohctbo, onncaHHoe b naTeHTe US 
Patent 5478730 (Alakhov et ak, 1 995), KOTopoe conep>KHT ojxhh wnv\ zxsa nopHCTbix 
oapbepa. 3th oapbepbi motvt 6biTb BbinoJiHenbi b bhhc ruiocKnx m e m 6 p a h hjih nonbix 
bo;iokoii. 

B oomeM c;ivh;ic, npnbeztennbie Bbime npMMepbi ornicbiBaiOT cnoco6bi m 
vcTpoiicTBa, pajpaooTaHHbie iio/mep>KaH ha nocToannbix vcviobhh npouecca cHHTC3a. 



IIoCTOflHHbie VCJIOBHH CHHTe3a o6ecneHHBQIOT nOCpenCTBOM BblBOJia HH3KOMOJ]eK\TIflpHbIX 
npO^VKTOB CH HT633, HHrH6HpVK)mHX paOOTV OeCKJieXOH HOH CHCXSMbl, H BBOHa 
KOM nOHCHTOB nOAH^p/KHBaiOLUHX CHHXC3. nOZLHep>KaHHe yCJTOBHH CHHTe33 

ocvLnecTB^iocb BbioopoM OAHHaKOBbix koh ueHTpauufi coxiefi Mg 2 * , . NTP h jipyrux 
KOMno'HeHTOB, KaK b peaKUHOHHOH cm ecu, Tax h b nHTaiomeH cMecn. ABxopbu 
npiiBe^enHbix Bbime ny6jiHKamni h naTeHTOB, ncnonb30Baxin npuHmin onxuvnnauHH npH 
noa6ope napaMeTpOB peaKUHOHHOH CMecn. ripouecc onTHMH3auHH xpeoyex BpevienH h 
othocutch k jodaTOMHO aoporocTOHLUHM n po ue;iy pa m . 

CyuiHOCTb M3o6peTeHHH 

UeiTbbo H3o6peTeHMH HBnsexcs pa3pa6oTKa cnoco6a CHHxe3a uenesbix 
nonnneriTiinoB b ayKapHOTHMecKHX h npoKapnoximecKHx 6ecKJiexoHHbix cncxeMax. 
H3o6pexeHHe oCHOBano Ha MOHHcJ)HKauHM cnocoooB CHHxe3a b poKHMax HenpepbiBHOro 
noTona (CFCF) unu HenpepbiBHOro ooNieHa (CECF), b Koxoptix, Hapany c 
nozmep>KaHneM npouecca CHHxe3a 3a cnex BBOna b peaKUHOHHyio CMecb KOMnOHCHXOB, 

nOZUiep>KJlBaiOLUHX CHHXe3 H BblBOZia H3 peaKUHOHHOH CMCCH HH3KOMOJieKyJIflpHbIX 
KOMnOHCHTOB, HHrH6npyK>lUHX CHHXC3, OCV LLieCXB.X^ KDX HenpepblBHOe H 3 M 6 H 6 H H 6 

KOHueHxpauHH HeKOXopbix Bbi6paHHbix KOMnoHCHxoB, Koxopbie onpeaejiaiox 
3(])(t)eKTHBHOCTb ciiHxe3a (nanpHMep Mg 2 ' . K *. NTP, no.inaMHHOB hjth hx k o m 6 h h a uh h ) 
b ycxaHOB.neHHOM jnana30He i-omchchha KOHuenxpaunH. 

IlepeMCHb Mepxe'/Kert 

Il3o6pexeHne noscHJiexc^ nepTOKawH : 

Ma cbur.l npMBeneHbi auarpaMMbi . oxpavKaioume mMeHCHue KomieHXpaunji Mg 
,xna ;ibvx npuMepOB paooxbi oecKJiexoMHOM cncxeMbi npn cnHXC3e mRNA n npii cnHxe3e 
!io;ninenin^OB b pe>KHMe HenpepbiBHOro ooMCHa (CECF). 



Ha <})nr.2 npHBe^eHa /warpaMMa , OTpa>KaK>Lua$i npouecc H3MeHeHH« 
KOHueHTpauHH Mg 2+ b pe>KHMe HenpepbiBHoro noTOKa (CFCF) npn iomchchhh 
napaMeTpoB cHHre3a ot npeMMymecTBeHHO TpaHCKpnnunoHHbix no npenMymecTBeHHO 

TpaHCJlflUHOHHblX. 

-Ha tJ)Hr.3 nptiBeAena /inarpaMMa KOHueHTpaunn Mg : ^ npn 

nepnoAHHeCKOM HMnyjibCHOM BBO^e ^onojiHHTejibHOH cmcch b 06-beM peaKUHOHHOH 
cm ecu. 

Ha npHBeaeHa ^narpaMMa nepHOAHnecKoro n3MeHeHH« Mg 2+ " b 

cootbctctbhh c cfiopMOH JiHHeHHoro rpa^neHTa. 

Ha npencTaBJieno cxeMaTHHCCKoe H3o6pa>KeHne peaKTopa c o^hhm 

nopHCTbiM 6apbepOM. 

Ha 4>Hr.6 npe^craBJieHo cxeMaiHHecKoe H3o6pa>KeHne peaxuHOHHoro Monynn h 
HanpaBJieHHe noTOKOB, Koxopbie ^opMnpyioTC^ b pe>KHMe pa3riejibHoro BbiBOZia 

BblCOKOMOJieKVJTJIpHOH H HH3KOMOJTeKyjl^pHOfi cj)paKUHH (CFCF-BF). 

Ha 4>Hr.7 npoacraBneHO cxeMaTHnecKoe n3o6pa>KeHHe pacnpcueneHH* noTOKOB b 
pe>KHMe 5e3 BbiBOzia uejiCBoro nponyKTa H3 30hbi cnHTe3a (CFCF-RP). 

Ha cJ)Hr.8 npcncTaBJieHO cxeMSTHMCCKOC H3o6pa>KeHHe peaKTopHoro ucmysia h 
pacnpeziejieHHe noTOKOB b pe>KHMe, Korzia nepBbiH nopHCTbm 6apbep nrpaeT pojib 
pacnpeziejiMTenH noTOKOB nmaioiueH cmcch m jionojiHHTejibHOH cmcch h ueneBOH npcayicr 
ocTaeTca b 30He CHHTe3a(CFCF-RP). 

Ha (J)nr.9 npencTaBJieno cxe.viaTHMeCKoe H3o6pa>KeHne peaKTopHoro mcvxyjis h 
pacnpeneneHHe [totokob b pokhmc, Kor^a ocymecTBJLaeTCfl nepHcaHHecKaa CMena 
h a n pa bttchh h nonaHH rmTaKMijeu CMecw nooqepeziHO Mepe3 nepBbiH h BTopon nopnCTbie 
oapbepbi (CFCF-RF). 

HepeMCHb 0603 Ha Men itii ncnojibi ye\u>i\ 11 <ie pretax: 

1. I 7 10, Fl I, Fl 2 - noTOKH intra to me it cmcch; 

2. I 7 20, F21, F22 - hotokh zi o n on h h t cti b h o h cmcch; 
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3. F30, F31, F32 - nOTOKH nn3KOMOJieK\M5ipHbix nponyxTOB peaKUHOHHon cmcch; 

4. F40 - noTOK BbicoKOMoneKyjiflpHbix npo/iyKTOB peaKUHOHHOH CMecu; 

5. F50, F51, F52 - hotokh BbicoKOMOJieKyjiflpHbix komfiohshtob, no;mep>KHBaiOLUHx 

CHHTC3 i 

6. ri03HUHii 1 - 9 - OTHOCflTCa K BXOJXSLM H BblXO^aM peaKTOpHOTO MOJiyJIfl 

7. rio3HUH[[ iO - 19 - othochtch k KOHCTpy kthb h bi m 3JieMeHxaM peaKTOpa; 

nepenenb coKpaiueHiiit ncno.ib3yeMbix b reKCTe: 

Mg 2 " - hoh NiarHiiH ^ooaBJiHeMbifi b bhzic co.ih. 
K* - hoh Ka/tHfl jio6aBJiseMbiH b BH^e conn. 

CymHOCTb ii3o6peTeHHfl 

1 . 3Tanbi cnHTe3a 

CtiHTe3 nojinnenTHHOB b oome.M cjiynae coctoht h3 cuenyiomHX aiaroB: 

1 . co3nafOT peaKUHOHHyio CMecb Ha ocHOBe KJieTOHHoro JiH3aTa; 

2. npuroTOBJiHiOT nHTatomyio CMecb n nonojiHHTejibHyio CMecb, b coctsb KOjopon bxoziht 
no KpafiHen Mepe ozihh H3 BbiopanHbix komiiohshtob, KOTOpbifi onpenejiaeT 

34>4 )eKTHBHOCTb CHHTe3a; 

3. vcTaHaBJiHBaioT pe>KHM paGoTbi peaKTopa. BbiGnpaiOT Tun peaKUHOHHoro mouvjih c 
3anaHHbiMH ko-tih mcctbom h th no\t nopncxbix 6apbepOB, BbiOHpaiOT cooTHOuieHHJi 
oo-beMOB Me>Kiiy peaKimoHHon CNtecbK) h miTatomen c.Mecbio hjth Bbi6npaFOT CKOpocTb 
noTOKa nHTaiouieH cmccii nepe3 peaKUHOHHbifi o6i>eM; 

4. coOHpanoT ycTaHOBKy xnn cnHTe3a. b cocxaB KOTOpofi bxohht. no KpafiHen Mepe, ohhh 
peaKUHOHHbifi Mony.ib: 

5. BBOZtAT peaKUHOHHVIO CNieCb H nUTatOUIVKD CMeCb B COOTBeTCTBVfOIUMe 30HbI 

pea k liho hhofo MOny;ia, pa3ne;ieHHbie nopncTbiMH 6apbepaMH; 
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6. AOnOJIHHTeJIbHYK) CMeCfe BBOAHT B pCSKUHOH nyio CMeCb HJIH B OHHy H3 nacxen 

nnxatomeH CMecH jxo CHHTe3a hjih bo BpeMH CHHTe3a; 

7. b npouecce CHHTe3a, b 3aBHCHMOcxn ox pe>KHMa pa6oTbi /xonoJiHHxejibHyio CMecb 
bbojjht o^HOKpaTHO, hjih nepHO/umecKH, hjih nenpepbiBHo; 

8. b pe>KHMe npenapaTHBHoro CHHTe3a pacxo/iyeMbie BbicoKOMOJieKVjiapHbie KOMnoHeHTbi 
bboa^t b peaKUHOHHyio CMecb o^HOKpaTHO, hjih ncpHOjiHHecKH, hjih HenpepbiBHo; 

9. CH HTC3H pOB3 H Hbl H npO^yKT Ox6HpaK3X H3 pCS K H H O H H 0 11 CNieCH B KOHUe CHHTC3a HJIH B 
XOJie CH HTC33 . 

10. npn oTDope npoziyKxa b npouecce cHHTe3a ocymecTBrmioT aHajiH3 CHHxe3npyeMOro 
npojryKxa. KoppeKxnpyiox napaMeTpbi, onpe^en^tomne npozxyKXHBHOCXb CHCTeMbi. 

2. FloziroTOBKa peaKUHOHHbix cMecen 

BeCKJieTOMHbie CHCTeMbi C03£aiOX01 Ha OCHOBe KJieXOHHblX JIH3aTOB H KJieTOHHblX 

3KcrpaKTOB h BKJiiOHaiOT b ce6a Bee KOMnoHeHTbi Heo6xoziHMbie AJiii CHHTe3a 6ejiKOB, a 
Tax>Ke cHCTeMy pereuepaunH NTP, 6y$ep m cojih, aMHHOKHCjioxbi. 

H3BecTHO oojibuioe hhcjio xHnoB 6ecKJiexoHHbix cucxeM zuih cHHxe3a nojinnenxn/iOB 
(US Patent 5807717, Joyce, 1998). Mx npnroxoBJDUox H3 apxe6aKxepnn (Halobacterium, 
Thermoproteus, Methanococcus, Sulfolobus, etc). ay6aKxepHH (Escherichia, Bacillus, 
Pseudonomas, Agrobacterium, etc) h KJiexoK syKapnoxoB (rabbit reticulocytes, wheat 
aerm, HeLa cells, mouse liver, etc.). Ycjiobhji, onncbiBaeMbie b npexuiaraeMOM Mexo/xe, 

60Jiee 6/TH3KH K XpaHCJlflUHOHHblM CHCXeMaM H CHCTCMSM XpaHCKpHnUHH-XpaHCJIHUHH 

nojiyqacMbiM Ha ochobc npoKapHOxunecKHX 3KCXpaKXOB E. coli (Zubay, 1973), 
ayKapnoxHMecKHX 3KCxpaKxoB H3 nuieHHUbi (Roberts and Paterson, 1973) h 3KcxpaKXOB 
npnroTOBJieHHbix H3 pexHKVJiouHXOB KpojiHKa (Pelham and Jackson, 1976). 

OUHHM H3 KOMnOHeHTOD 6eCKJieXO M HO H CHCTeMbi TpaHCKpHniiHH-TpaHCJIflUHH 

zzo;i>KHa ObiTb DNA 3 aBucn Man RNA nojiHMepa3a CHHxe3Hpyiomaa rnRNA. 
HcnoJib3yeMaH DNA 3aBiic»Ma« RNA nojiHNiepa3a Bbi6npaexca H3 KJiacca E. coli RNA 
nojiHwepai hjih oaKxepnocfiaroBbix RNA noJiHMepa3. ^annoe n3o6pexeHne 
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paccMaTpHBaeT. ho He orpaHHHHBaeT Hcno.Tb30Bamie nojiHMepa3 Tuna Tl, T3, T5; T7, 
SP6, A 16, PHL1, PHLll. Han6oJiee noflxonamHMH jib.triotch T7 h SP6 nonnMepa3bi. 
3. VcjioBHfl npOBe^eHHfl CHHTe3a 

Il3BeCTHO, MTO VCJIOBHH npOBejieHHfl CHHTC3a B npOKapHOTHMeCKHX H 
3VKapKOTHHeCKHX OeCKJieTOH H blX CHCTeMax pa3JIHMHbI. 3<j)(})eKTHBHOCTb CHHTe3a 3aBHCHT 
OT TOrO. BXOJJ5IT JIH 3HflHeHMH KOHUeHTpaUHH T3KHX KOM nOHCHTOB 6eCKJieTOMHOH CHCTCMbl 

KaK Ms : *, K*, NTP b ^nana3QH onTHMajibHbix 3 h a h e h m h h Ha Kaicyio bcjihmhhv 3th 
napavieTpbi H3MeH*K)TCfl b npouecce cHHxe3a. £nana30H b KOTopbix ch hts3 onTHNtajieH, 
aodaTOMHO V30K. JIio6oe h3mch6hhc TeMnepaTypbi. pH, n3MeHeHHe HCXo^Hbix 
KOHueHTpaunH KOMnoHeHTOB bo BpeM^i CHHTe3a hjih npyme npHHHHbi npHBO^T k Bbixoay 

CHCTSM bl H3 pe>KHMa O nTHM aJIb HOrO CHHT63 3 H, COOTBeTCTBeH HO, K CHH/KeHHK) BblXOUa 

CHHTe3npveMoro npojiyKTa. Jinx Bcex Hcnojib3yeMbix 6ecKneTOHHbix chctcm onTHMH3auH* 

CBOZU1TC* K TOMV, 4TO anpHOpHbIM CnOCOOOM VCTaHaBJlHBaiOT 3HaneHH51 NTP H HaxOJXHT 

zinana30Hbi KOHueHTpamm Mg 2 * h K + b KOTopbix cnHTe3 naeT Hau6o;ibUjyio 

npOH3BOaHTeilbHOCTb. 

3TO npHBOHHT K GoJIbLUOMV pa30pOCV "onTHMa-lbHblX " KOHUCHTpaUHH MarHHH, 

3a^BJienHbix b pa3Hbix naxeHTax. TaK, una CHHTe3a nojiHnenTHnoB cucrreMe 
TpaHCKpnnuHH-TpaHcn^uHH b peTHKVJiouHTHOM ;iH3aTe, corjiacHO onncaHH« naTeHTa 
4)HpMbi Promega (US 5324637, Thompson et al.,1994) ^nana30H onTHMaiibHbix 3Ha^eHnfi 
KOHueHTpauHH m a thhh b peaKUHOHHofl cm ecu HaxojiHTCH b npenejiax OT 2,5 no 3,3 mM 
M^ : + .B TO>Ke BpeMH, corjiacHO onncauH^ npyroro naTeHTa (US 5807717, Joice, 1998) nnx 

TOH >Ke CHCTeMbI TpaHCKpH niiH H-Tpa HCJ15IUHH H CHHTe3a nOTHnenTHHOB B peTHKyJIOUHTHOM 

ninaTe (npOH3BezieHHoro cjiMpMOH Promega) 3a«BneH AHana30H onTHMVMa JieyKaiiiHH b 
npeae.iax ot 6.0 no 10,0 mM Mg' 4 . 

H3BecTHO (Pokfovskaya. 1994), mto ycjiobmh onrnMajibHofi TpaHCKpnnuHH n^n 
SP6, T7. T3 no.THMepa3 ne>KHT b npenenax ot 16 no 36 mM Mg^ . TaK>Ke h3bcctho, mto 
ypoBenb KOHUCHTpaUHH NTP b 3HaMHTejibHou CTeneHM onpe/iejiseT HHHUHauHio 
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TpaHCKpHnuHH (Guajardo et aL, 1998), a ypoBeHb KOHueHTpauHH Mg 2+ non>KeH 
npeBbnuaTb BenHHHHy cyMMbi KOHUCHTpauHH NTP (Gurevich et al., 1991; Kern and Davis, 
1997) ailr BcficfieKTHBHOH pa6oTbi nojiHMepa3bi. B TO>Ke BpeMfl, AHana30H Mg 2+ una 
onTMMajibHOH rpaHcnauHH mRNA b 6ecKJieTOMHOft cncTeMe Ha ocHOBe perHKyjiouHTHoro 
jiH3aTa, noJiYMeHHoro no cTanziapTHOH npoue/rype (Pelham and Jackson, 1976; Suzuki , 
1977; Merrick 1983), jiokht b npe^enax or 1 ao 3.0 mM Mg 2 + ao6aBJieHHoro b 
peaKUHOHHVK) cMecb ceepx Toro, mto co^ep/KHTca b jiM3aTe. 

Oxlhoh M3 riraBHbix uejiew ^aHuoro H3o6peTeHH*, HBJi^eTca nonCK nyTH 
pa3penieHHM npoTHBopenHH Me>Kny Bbi6opoM onTHMaJibHbix napaMeTpoB nn* siana 
TpaHCKpHnuHH h 3Tana t p a h cjih uhh h h bi m cnoco6oM, neM npoCTOn no^6op 
npoMe>KVTOHHbix 3H3MCHHH b KOHueHTpamwx Mg 2 \ K + h NTP , KOTopbie oGecneMMBaKDT 

npHCMJieMblH VpOBeHb KaK TpaHCKpHniJHH, TaK H TpaHCJIflLIHH. 

B naHHOM H3o6peTeHHH 3TO npoTHBopewne pa3peniaeTCH xeM, mto bo BpeMH 
cHHxe3a, HapH^y c bbo^om b peaKUHOHHVK) CMecb KOMnoHemoB, nozmep>KHBafomHx 

CHHTe3. H BblBO/IOM H3 peaKUHOHHOH CMCCH H H3KOMOJTeKyJLflpH blX KOMnOHeHTOB, 

HHrn6npyioiUHX CHHTe3, nponcxoziHT nenpepbiBHoe H3MeHenHe KOHueHTpauHH no 
KpaHHeH Mepe oflHoro H3 Bbi6paHHbix komiiohchtob (BXonauiHx b cueziyiomyio rpynny: 
Mg 2+ , K + ,NTP, nonnaMHHbi hjth kom6hh3uhh yKa3aHHfeix KOMnOHeHTOB) or BepxHen no 
HH>KHeH rpaHHUbi ycTaHOBneHHoro /XHana30Ha. 

Bbioop eepxHen u HH>KHeH rpanwubi nnana30Ha 3aBnCHT ot pe)KHMa CHHTe3a, ot 
napaMeTpoB oecKxiexoHHoro 3KCTpaKTa. ot napaMeTpoB peaKUHOHHOH crviecn h 
napaMexpOB nuTahOLuen cm ecu . Ecjih b coctbb Bbi6paHHbix KOMnOHeHTOB bxohht Mg 2+ , 

TO rpaHHUbi OOJiaCTH, H3 KOTOpOH Bbl6HpaK)TCH BCe ^nana30HbI H3MeHeHH* KOHlieHTpaUHH 

Mn : " una pa3Hbix pe>KH mob (BKJiiOMaiouuHX TpaHCKpuniiHK) . TpaHCKpunuHio- 
Tpa h c jih u m io, TpancriHUHK)), ne>K-aT b npenejiax ot 0,25 no 50 mM zio6aBJieHHoro Mg 2+ . 
Hcjim b KaMecxBe o/iHoro H3 komiiohchtod 6ecK;ieTOHHOii CHCieMbi ncno/ib3yK>T DNA 
iTBncnMVfO RNA nonwMCpa:iy, to g pe>Kii\ie TpuncKp»nunn mRNA, Bbi6op Bepxneii h 
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HH>KHefi rpaHHUbi KOHKpeTHoro ziHana30Ha u3MeHeHH* KOHueHTpauHH Mg :+ , 
ocvmecTBJia*OT H3 o6nacTH 3HaneHHH ot 2 no 50 mM no6aBneHHoro Mg 2+ . Ecjih chhtc3 

GeJTKa npOH3BOZlflT B VCJIOBHflX XpaHCKpHnUM H-TpaHCJlHIiHH , TO Bbl6op BepXHefi H HHyKHefi 

rpaHHUbi KOHKpeTHoro ;inana30Ha h3M€hchhh KOHueHTpauHH Mg 2+ . ocymecTBJiaiOT H3 
o6jiacTM 3HaneHMH or 2 no 25 mM nooaBJieHHOro Mg 2+ . npH cHHTe3e oenKa b vcjiobhhx 

TpaHCHHUHH Bbl6op BepXHeft H HH/KHCH rpaHHUbi KOHKpeTHOrO HHana30Ha H3\teHeHH5I 

KOHueHTpauHH Mg 2 * , ocymecTBJiflioT H3 o6jiacTH 3HaneH hh ot 0,25 no 25 mM 
no6aBJieHHoro Mg 2 ~. Bo3MO>KHbi BapnaHTbi, npn KOTopux BepxHioto h hhjkhiok) 
rpaHHUbi nuana30Ha h3MChshhh koh ueHTpauHH Mg :+ Bbi6npaiOT TaKHM o6pa30M, hto b 
npouecce CHHTC3a, 3a cneT cMeHbi BennHHHbi KOHueHTpauHH, nponcxoiiHT cwena vcjiobhh 
CHHTe3a h nepexon ot onHoro pe)KHMa (HanpuNiep npewMymecTBeHHOH TpaHCKpunuHH) k 
zipyroMy pe^-HMy (HanpuMep pe>KHMy TpaHCKpHnuu H-TpaucjiHUHH hjih 
npeHNiymecTBeHHOH TpaHcnaunH). npuBezieHHbie Bbiuie npHMepbi oTpa>KaioT Jinuib 

OO.iaCTH 3HaMeHHH, B KOTOpblX MOrVT JIOKaTb KOHUeHTpaUHH OJIHOrO H3 Bbl6paHHbIX 

KOMnoHeHTOB Mg 2 + . Tpe6yeMbie no vchobhsm cHHTC3a. LLlHpMHa Bbi6npaeMbix 
anana30HOB h BepxHfl* h hh™h rpaHHUbi nnana30Ha onpenejiHKrrca c yneTOM 3 h aHHH 

OTHOCflLUHXCSI K VCJlOBHflM CHHTe3a B n pOKapHOTH HGCKHX H 3\'Kap HOTH HCCKHX 
6eCKJieTOHHbIX CHCTGMaX. 

^ono/iHHTejibHOH ueribio rxauHoro H3o6peTeHHH flBJiflerca chh/KShhg 3aTpaT Ha 
CHHTe3 3aziaHHoro KOJiHnecTBa no^Hnennwa b syKapnoTHHecKHX 6ecKneTOHHbix 

CHCTCMax . B H3BSCTH blX CnOC06aX, CHHTC3 OCYUieCTBJI^fOT B VCJ10BH51X HOCTaTOHHO 

6onbLUOH KOHueHTpauHH ^oporocToamefi T7 nojiHMepa3bi, npH uenpepbiBHOM npoTOKe 
qepe3 peaKUHOHHbiu oo^eM noporocTOHUiHx komiiohshtob nuTaiomeH CMecH. tskhx Kan 
NTP h a m h h o k h en o Tbi (EP Patent 0593757, Baranov et al., 1997). B aaHHOM 

H300peTeHHH, 3(()(}}eKTHBHOCTb CHHTC3a B CHCTeM3X TpaHCKpH nUHH-TpaHCXflUH H 

noBbiiuaeTCH 3a cneT toto, mto BBeneHHe b peaKUHOHHVio CNiecb bmcokoh KOHueirrpauHH 
Mg : * h NTP b Haqa-ie cnHTe3a npuBoauT k yMeHbiueHHK) KOjnmecTBa aoopTHBHbix 
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mRNA, hto, b cbojo onepexib, npHBOAHT k ch h>ksh mio pacxona ATP, GTP h 
aMMHOKHCJioT bo BpeM* 3Tana TpaHCJi^UHH 3a chqt cHH>KeHHH CHHTe3a a6opTHBHbix 
nojiHnenTHJZOB. 

npHBexieHHbie b ^hhom H3o6peTeHHH npHMepbi Hcnonb30BaHHH npHHUHna 
HenpepbiBHoro noxoKa nHTaiomeH cmcch nepe3 peaKUHOHHbift o6"beM (CFCF), 
opHeHTHpoeaHbi Ha cHuxceHHe 33TpaT npn npenapaTHBHOM cHHTe3e ueneBbix 
nojiHnenTHflOB. FIotok nHTaiomew CMecu h KOHueHTpauHH BbiSpanHbix KOMnOHeHTOB 
nerKO peryjinpyK)TCJi c noMombW H3MeHeHH5i cxopocTii hjth HanpaBJieHHH noTOKa c 
Hcnojib30BaHHeM Hacoca. ^pyrne TexHHHecKtie pemeHun, c ncnojib30BaHHeM pe>KHMa 
HenpepbiBHoro o6Nie H a (CECF) h npocTbix ^HajiM3aTopoB, xaK>Ke no3BOH5iK)T yBejiHHHTb 
3cJ)4)eKTHBHOCTb CHHTe3a 3a cnex nojuiep>KaHHsi KOHueHTpauHH pacxo/iyeMbix 

HH3KOMOJieKyJI>ipHbIX KOMnOHeHTOB H OHHOBpeMeHHOrO H3MeHeHH^ KOHueHTpauHH 
Bbl6paHHbIX KOMnOHeHTOB. H3BeCTHO, HTO CKOpOCTb o6MeHa HH3KOMOJieKVJT5ipHb[MH 

KOMnOHeHTaMH viexcay peaxuHOHHOH CMecbio h nHTaiomen CMecbio nepes zxHajiH3HYK) 
MeM6paHy 3 aBHCHT ot MHornx napaMeTpoB (nnou^a^b, pa3Mep nop, h up.)- 3to 
HaKJianbmaeT HexoTopue orpaHHMeHHfl Ha Bbi6op pejKHMOB CHHTe3a m Bbi6op BepxHen h 

HH>KHSH rpaHHUbl 30Hbi, B KOTOpOH H3MeH5HOT KOHUSHTpailliKD Bbl6paHHbIX KOMnOHeHTOB. 

TaK HanpHMep, npn ncnojib30BaHHH pencHMa CECF 6ojiee npennoHTHTejibHO 

OCyilieCTBJIflTb CHHTe3 B OT^eJIbHblX pOKHMax: TpaHCKpHnUHHj TpaHCJI5IUHH, 
TpaHCKpHn LIH H-TpaHCJI^ UH H , HJIH B KOM6HHaUH51X £BYX pe>KHMOB (HanpHMep 
TpaHCKpHnUHH H Tpa H CKpH n UH H-TpaHCJT51UH H HJTH TpaHCKpHnU.HH-TpaHCJIflU.HH H 

TpaHCJi5mnn). 3to Bbt3BaHO tgm o6cTOHTejibCTBOM , hto npouecc o6MeHa H3-3a 

ZlOCTaTOHHO HH3KOH CKOpOCTH, Tpe6veT BpesiCHH H MO)KeT He COOTBeTCTBOB aTb CKOpOCTH, 

KOTopaa HeooxoziMMa iuifl bboziu Tpe6yeMbix zuia c;iHTe3a HH3KOMOJieKyji«pHbix 

KOMnOHeHTOB, H BblBO^a HH3KOMOJieKyJ15ipHbIX npCaVKTOB CHHTe3a, nnrn6npyK)iunx 

paooTy 6ecKJieTOHHOM cuCTeMbi. 




15 



Ha cjnir.l npencraBJieHbi ^Ba npnviepa n3MeHeHH« KOHueHTpauHH Mg 2+ b 
peaKUHOHHOH CMecH xuin pa3Hbix pokhmob CHHTe3a. IlepBbiH npHMep othochtch k 
cnynaio, Korna Heo6xonHMO npoBecTH chhtc3 AOcraTOMHoro KOJiHMecTBa mRNA. Kax 

BHJHO H3 A"arpaMMbI (K), ZXHana30H H3M6HeHHH KOHLieHTpaUHH Bbl6paHHbIX 

KOMncmeHTOB ot BepxHero ypoBH* (A) no ypoBHfl (C) /ie>KHT b npeziejiax b KOTopbix b 
peaKUHOHHOH cm ecu 3a cner BbicoKow KOHueHTpauHH Mg 2+ m NTP co3£aioTC5? ycjioBH* 
npeiiMymecTBeHHOH TpaHCKpu nuiiH h cnHTe3a mRNA. B stoh 30He nepBOHananbHoe 
npeBbiujeHne KOHueHTpauHH Mg 2+ nan NTP ycTaHaBJiHBaiOT npn noAroTOBKe 
peaKUHOHHOH cm ecu b npeaejiax no 10 mM. ^ajibHefiujee cHH)KeHne KOHueHTpauHH 
ooecnenHBaeT nepexon CHcreMbi k 3HaneHH5iM KOHueHTpauHH Mg 2+ h NTP 
cooTBeTCTByiomHM napaMeTpaM BepXHeu rpaHHUbi 30Hbi TpaHCKpHnuHH-TpaHCJiauHH 
( 30 Ha C - D). B KanecTBe BToporo npuMepa (auarpaMMa L) Bbiopanbi vcjiobhji, Kor/ia 
BepxHHH npezieji ,miana30Ha KOHueHTpauHH Mg 2+ h NTP cooTBeTCTByeT BepxHeu rpaHHue 
30HM TpaHCKpHnuHH-TpaHCJi^uHH (30Ha C - D), a HH5KHHH npezien nwana30Ha coBnanaeT c 
hh/Khch rpaHHuen 30Hbi xpaHCJiiiUHH (30Ha D - B). B 3tom cjiynae, 3a BpeM* cHHTe3a 

VCnOBHfl B peaKUHOHHOH CMeCH H3MeH5UOTCfl OT npeH MymeCTBeHHO TpaHCKpHnUHOHHblX no 

npeuMVLiiecTBeHHO TpaHCjmuHOHHbix.. napa.MeTpbi nopHcroro 6apbepa (pa3Niepbi nop, 
nnoLuazib MeM6paHbi, mn MeM6paHbi) h CKOpocTb noToxa nHTaRjuien CMecn Bjiojib 
noBepxHOCTH nopucToro oapbepa, .noji>KHbi ObiTb Bbi6paHbi c yneTOM cxopocTH zi.H(})4)y3HH 
h ooMeua HH3KOMOjreKynMpHbix KOMnoHeHTOB nHTajouien cm ecu h peaKUHOHHOH CMecH h 
zion>KHbi o6ecneHHBaTb TpeoyeMyio CKOpocTb o6\ieHa h H3MeHeHHe KOHueHTpauHH Mg 2+ h 
NTP 3a BpeMH cnHTe3a. Ha Bbioop Bepxnefi h hhjkhch rpamiubi snana30Ha bjihhct 
napaMeTpbi oecKjieiOHHoro 3KcrpaKTa, KOTopbiH MO>KeT 6biTb nojiyneH pa3HbiMH 
cnocooaMn. Ha CBOHCTBa peaKUHOHHOH est ecu OKa3bmaeT buha h ue npoueHTHoe 
cooTHOLueHiie b cm ecu 3KCTpaKTa h nmaiomeil cm ecu. ycTanaBJiHBafl sepXHHH h hh>khhh 
npeje;ibi nnana30Ha, b kotopom b npouecce CHHTe3a H3 mch^uot KOHueHTpauHH 
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Bbi6paHHbix KOMnoHeHTOB m perymipyioT ac^eKTHBHOCTb pa6oTbi Sgckjtctomhoh 
CHCTeMbI B pa3Hbix pe>KHMax. 

PejKHM HenpepbiBHoro noTOKa (CFCF) no3BOJifler ocymecTBHTb 6bicrpyio CMewy 
ckopocth h nanpaBJieHHe noTOKa nHTatomew CMecH wepe3 peaxuHOHHyio CMecb h, tskhm 

o6pa30M, peryJIHpOBaTb CKOpOCTb H3MeHCHHfl KOHUeHTpaUHH Bbl6paHHbIX KOMnOHGHTOB 

Ha pa3Hbix 3Tanax CHHTe3a. B TeneHHH ozihoto 3KcnepHMeHTa mo>kho Bbi6paxb pa3Hbie 
ckopocth noTOKa nnTaK>meR CMecn nepe3 peaxunoHHyK) CMecb. 3to no3BOJi#eT, b 
npouecce cHHTe3a nojiMnerrnmoB b GecKJieTOMHOH cuereMe TpaHCKpHnuHH-TpaHCJi*iiHH, 
ne3aBHCHMO peryjinpOBaTb fljiHTenbHOCTb pa3Hbix 3TanoB, b TeneHHH KOTopbix 
napaMeTpbi peaKUHOHHOH CMecn h KOHueHTpauHH Bbi6paHHbix komiiohshtob 
cooTBeTCTByK)T nepHOflaM: npeHMymecTBeHHOH TpaHCKpHnuHH, TpaHCKpununH- 
TpaHCJi^UHH h TpaHCJi^uHM. Bbi6op KOHKpeTHbix napaMeTpoB /ZMana30HOB, B KOTOpblX 

H3MeH5IIOT KOHUeHTpaUHKD Bbl6paHHbIX KOMnOHeHTOB, 3aBHCHT OT U6JTH npOBeneHH* 

CHHxe3a (cHHTe3 mRNA hjih chhtc3 uejiesoro nonnnenTHXia hjih conpn>KeHHbiH CHHTe3 b 

CHCTeMe TpaHCKpHnUHH-TpaHCJLHUHH), Bbl6paHHbIX VCJIOBHH npOBeZieHHH CHHTe3a H, B 

nepBvio onepe^b, ot napaMeTpoB 6ecKJieroMHoro 3KCTpaKTa, Bbi6opa napaMeTpoB 
nopHCTbix GapbepoB (pa3Mepbi nop, nnomanH h THnbi MeM6paH), bo3mo)khoctm bbszishh^ 
zionoJiHHTejTbHbix pacxouyeMbix BbicoKOMOJieKyjmpHbix KOMnoHeHTOB. Be/iHHHHa 
BepxHero npenejia Bceft nonycTHMOH o6nacTH 3HaneHHH KOHueHTpauHH Mg 2+ (h3 KOTOpon 
BbioMpaiOT paooHHfi /inana30H), b pe>KH mc (CFCF) cHHTC3a b chctgm ax 

TpaHCKpurmHH - TpaHCJi^uMH c ncnojib30BaHneM DNA 3aBHCHM0H RNA noJiHMepa3bi, 
mo>k6t 6biTb BbiSpaHa b npeiienax no 50 mM Mg 2+ VI hhhm an bHoe 3HaneHHe HH>KHero 
3naMeHHH o6;iacTH KOHueHTpauHH Mg 2+ mojkct cocraBnflTb 3HaHeHne 0,25 mM Mg 2+ . 

Ha c))Mr. 2, b KaneCTBe npHNiepa. npezicTaB.ieHa 3aBHCHMOCTb (M) H3MeHeHHH 

KOHUeMTpaUHH Mg :+ OT BpCMCH H JXJlX CH HTC3a B CHCTeMe TpaHCKpM riLIH H - TpaHCJlflUHH. 

Pery.TupyH cKopocTb noTOKa nnTaioiue» CMecn na nepBOM 3Tane CMHTe3a (nepno/i t, - t : ) 

BG3MO/KMO KOppCKTHpOBaTb KOJIHHeCTBO C H HTC3 H pyeM BIX mRNA H n pe HOTB p aT H T b MX 
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nepenpoH3BOflCTBO. BbicoKa* KOHueHTpauHH Mg :+ h NTP b Hanajie nepBoro nepnona (tj - 
t 2 ) ziaeT B03MO>KHOCTb cHH3HTb KOJiHMecTBO rjoporocTOHmefi RNA nonHMepa3bi 3a cner 

TOrO, MTO CHHTC3 ITlRNA HUeT C MeHbLUHM KOJIHMeCTBOM a6opTHBHbIX ITlRNA. 

CooTHOiueHHe KOHueHTpauufi Mg 2+ h NTP Bbi6npaeTca tskhm, HTo6bi Ha nepBOM 3-Tane 
KOHueHTpauHH Mg 2+ npeBbimajia KOHueHTpaumo NTP Ha bsjih HHHy ot 5 no 10 mM, a Ha 
TpeTbeM 3Tane npeBbiiueHHe Mg 2+ nan NTP cocraBJumo He MeHee 0,5 mM. 

B npouecce .anHTenbHoro cnHTe3a b peacuMe CFCF BennnnHbi KOHueHTpauHH 

Bbl6paHHbIX KOM nOHCHTOB H3MeH*IOT OT BepXHerO HO HH>KHerO VpOBHfl O^HOKpaTHO HJ1H 

nepnoziHHecKH. Ha $Hr 3 npHBcaeHbi jnarpaM\ia (N) h3M£H6hhh KOHuenTpamiH Mg 2+ h 
NTP npn nepHOiiHHecKOM HMnynbCHOM BBO/te aonojiHirrejibHOii CMecii b ooT>eM 
peaxuHOHHOH cMecH. Becb chhtc3 pa30HBaeTca Ha N maroB c juiHTenbHOCTbfo uiara ot t 4 
no t 6 . ZIonoJiHHTejibHaH cMecb bbozihtcs 3a BpeM* U - t $. KoHueHTpauHH Mg 2+ h NTP 
noBbiiuaiOTC^, npoxonsT ypoBeHb C h vcjiobh* CHHxe3a b peaKUHOHHofi cHcxeMe bxohht b 
30hv A-C, b KOTopoH nponcxo^HT npeH My luecTBeH h a* TpaHCKpunuHH mRNA. Cf-m>KeHHe 
KOHueHTpauHH Mg 2+ h NTP \teH5ieT napaMeTpbi CHHTe3a ot vcjiobhh TpaHCKpHniiHH- 

TpaHCJIflUHH. (30Ha C-D) HO yCJIOBHH npeHMVUieCTBeHHOH TpaHCJItfUHH (30Ha D-B). 

llpenapaTHBHbiH CHHTe3 ueneBbix nonHnenTHjxoB nacTO Tpe6yeT anHTejibHoro 
BpeweHM, b TeneHHH KOToporo b peaKUHOHHyio CMecb bbohht He TOJibKO 
Hii3KOMoneKVJmpHbie KOMnoneHTbi nHTatomen CNiecu, ho h nonojiHHTenbHO bbotxmt 
BbicoKOMOJieKVJiJipHbre KOMnoHeHTbi nozmep>KHBaiomHe ruiHTejibHbiH cHHTe3. B rpynny 
BbicoKOMOJieKynapHbix KOMnoHeHTOB bxohjit: (i) pn6ocoMHafl (})paKUH5i, (ii) oecKJieTOH- 
Hbifi 3KCTpaKT (S30, S 1 00 h hx Mo^HKaunn), (iii) nojiHMepa3bi, (iv) njia3ZXMHiibi. (v) 

tRNA. B 3SBHCHMOCTH OT yCJIOBHH CHHTe3a B bICOKO M OJieKYJI5lpH bl£ KOMnOHeHTbl BBOJiflT B 

peaKUHOHHbiH oo-be.M oziHOKpaxHO. wtvw nenpepbiBHO, wnw nepnonHMecKH. TaKHe 
KOMnoHeHTbi K3K no:niMepa3bi h n.ia3aMHZibi npeanoMTHTenbHO BBonHTb b peaKUMOHHVio 
c.\iecb onHOBpeNteHHO c bbohom m a k c h m a ji b h o h KOHueHTpauHH Mg 2 *H NTP na 3Tane 



TpaHCKpwnuHM. Bboa ph6ocomhoh c^pajcuHH npe/anoHTHTenbHO cnHxpoHionpoBaTb c 

nepHOXLOM TpaHCJIJIUHH. 

Ha cj)Hr. 4 npHBeneHbi AwarpaMMa (O) n3MeHennH KOHueHTpauHH Mg 2+ h NTP npH 

C|)OpMHpOB2HHH B TCMeHHH CHHTe3a J1H HCMHOTO rpa^HeHTa KOHUeHTpaUHH 3THX 
KOMHOHeHTOB. FIpHMepbl (})OpM HpOBaH Hfl JIHHeMHblX rpa/JHeHTOB LUMpOKO H3BCCTHbI H 

Hcnojib3yioTC5i, HanpMMep, b >kh/jkocthoh xpoMaTorpac^HH. npe^noMTHTejibHO 
Hcnojib30Barb ztanHbin pe>KHM mix npoBe/jeHH* npenapaTHBHoro CHHTe3a uejieBoro 
nojiHnenTH.ua b cucreMe TpaHCJiKUHH mRNA. B 3-tom pe>KHMe 3 HaneHHfl KOHueHTpauHH 
Me 2+ h NTP, bxohhujhx b o6luhh ^Hana30H H3MeHeHH* KOHueHTpauHH (E-F), aojWHbi 
6biTb cooTHeceHbi c AHanasoHOM, B kotopom 3HaneHH* KOHueHTpauHH Mg 2T h NTP 
HanooJiee 6jih3ko pacnoJioaceHbi k onxHMVMy TpaHCimuHH mRNA. £nana30H 
ZionycTHMbix 3HaneHHH KOHueHTpauHH Mg 2+ h NTP mwkct 6biTb onpeziejieH una 

H3BeCTHbIX THflOB 3KCTpaKTOB H3 JIHTepaTypHblX HCTOHHHKOB HJTH H3 TSXHHHCCKHX 

omicaHHH npHJiaraeMbix (|)HpMaMH. HeKOTopoe cHHaceHne sc^eKTHBHOCTH xpaHcusuHH b 
30Hax, npHJieraiouiHX k rpaHHixaM ^nana30Ha (E-F), KOMnCHCHpycTCH MHoroKpaTHbiM 
npoxonoM ycnoBHH CHHTe3a Hepe3 30Hy onTHMyMa npn nepno/jHHecKOM H3MeHeHHH 
KOHueHTpauHH Mg 2+ h NTP b cootbctctb h h c cj)opMOH jiHHeHHoro rpajjHeHxa. KaK H B 
paHee paccMOTpeHHOM cjiynae , Becb CHHTe3 pa36HBaexca Ha N maroB c .anHTejibHOcxbK) 
Luara ot t i no t 9. Ha nepBOM npONie>KyxKe BpeMCHH t 7 - t g- xionoJiHHxejibHafl cMecb, 
conep>Kamaa bbicokhh ypoBeHb koh uenxpauHH Mg 2 + h NTP CMeuiHBaexcs c nHTafomen 
CMecbK) t a k h m oopa30M, hto KOHueHTpauHH Mg 2+ h NTP b cyMM apHOH cMecH pacxex. 
CyMMapHa^ CMecb BBO/anxca b peaKUHOHHyio CMecb h n3MeHaeT ycjiOBHfl CHHTe3a. 
OziHOBpeMeHHO c 3thm OH2 noimep^KHBaex CHHTe3 h BbiBO^HT H3 peaKUHOHHoro 06-beMa 
HinKOMO.neKy.iflpHbie KOMnoHeHTbi h h ruGHpyjomHe CMHxe3. Flpn n3weHeHHH 
cooTHomenMM CMeiunBae.Mbix ooteMOB u yMeHbiueumi BBOna nonojiHHTeribHOH cmcch no 
OTHOLueHino k mixaiomeH cmcch nponcxozuix ch H/Kch hc ypoBHH KOHueHxpautiM Mg 2 + h 
NTP b cvMMapMoii CMecii. KonuenTpaunn Mg : " h NTP b peaKunoHHon en ctcm e 
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CHH>KaK)TCK H npOXOAflT HCpe3 YHaCTOK 30HbI (E-F) B KOTOpOH npOHCXOHHT 
MaKCHMaJIbHblH CHHTe3. BBOA B peaKUHOHHblH 06-beM JHOnOJIHHTCJIbHblX 

BblCOKOMOJieKyJiapHblX KOMnOHCHTOB nOIUiepyKHBaKDLIiHX CHHTC3 OCymeCTBJWIOT B 
3SBHCH MOCTH OT yCJIOBHH CHHTC3a HenpepbiBHO huh nepHOAH necK H . 

AHajiorHHHbiM cnoco6oM mo>kho ocymecTBn^Tb ynpaBJieHHe h npoueccoM 
npenapaTHBHOH TpaHCKpunuHH jinn Hapa6oTKH ^ocTaTOMHoro KOJinwecTBa mRNA. 

OTJTHHHH OT H3BeCTHbIX TCXHHHeCKHX pemeHHH J\TW CHHTC3a ITlRNA B CT3TH HSCKOM (batch) 

pe>KHMe h cnoco6oB, b KOTopbix ocymecTBJi^iOT nozxmiTKy (fed batch) craTHnecKHX 
cHcreM TpaHCKpHnuHH 6e3 BbiBO^a HH3KOMOJieKyjiapHbix nponyKTOB (Kern and Davis, 

1997) COCTOflT B TOM, WTO! a) 3a CHeT BblBOJia HH3KOMOJieK\';LHpHbIX KONinOHeHTOB, 

HHrn6HpyiomHX CHHTe3 mRNA, npozuiaeTca npouecc CHHTe3a h yBenHHHBaeTCfl bbixoa 
mRNA; 6) 3a chct Bbi6opa hh/Khch rpaHHUbi ztnana30Ha, b kotopom HaxonsTCfl 
KOHueHTpaunH Mg 2+ h NTP, mo)kho nojiynaTb npenapaTbi mRNA b ycnoBnax. 
cnoco6cTBVK)iJUHX jiajibHeHLueMy 3Tany t p a h cn.%. u h h CHHTe3HpyeMOH mRNA oe3 
^ononHHTejibHbix npouenyp o^hctkh; b) Hcnojib30BanHe BbicoKHx KOHiieHTpau hh Mg 2 + 
(HanpHMep, no 50 mM ) npuBoanT k CHH>KeHnio Bbixozta a6opTHBHbix hjih HenonHbix 
MOJieKyn mRNA h no3BOJi5ieT ch H3HTb KOJiHMecTBo zioporocTOfliiieH RNA ncuiHMepa3bi. 
4. PeaKTopHbiH MO^yJib 
06ecneHHTb paccMOTpeHHbie pe>KHMbi pa6oTbi mO/Kho nyTeM cooTBeTCTByiomero 
Bbioopa BapnaHTa kohctpvkuhh peaKUHOHHoro \ionynn. Bhvtph peaKUHOHHoro moayji* c 

nOMOlUbK) nopHCTblX OapbepOB C03ZiaK)T peaKUHOHHblH OObeM, 30HbI ZJIA BBOHa 

KOMnoHeHTOB nHTaiomen CNiecn, nononmiTenbHOH cvieCH, BbicoKOMOJieKynapHbix 

KOMnOHCHTOB nOiUiep>KHBaK)lUHX CHHTC3 H BblBOZia npOZiyKTOB, HHrH6HpyK3IlIHX CHHTe3, H 

npoayKTOB ch HTe3 a . 

B npocTefiujeM ciynae ooteM peaKUHOHHoro mouvmh pa3zie-i^eTC5i HanBe30Hbi: (a) 
b pe>KHMe CECF, o6bCM pa3nenseTCfl ozihhm nopncTbiM oapbepo.M Ha 30Hy c 
peaKUHOHHOH cMecbK) h 30hv c nHTaK)nien cpezion; (6) b pCvKHMe CFCF, o6beM 




pa3,n,enaeTCfl nopHCTbiM 6apbepoM Ha 30Hy c peaKUHOHHOH CMecbK), b KOTOpyK) bbotxat 
nHTaiomyio CMecb, h 30Hy OT6opa npoayicTOB CHHTe3a (US Patent 5478730, Alakhov et 
al., 1995). 

Pi3BecTHbi peaxTOpbi, b KOTopbix 4)OpMHpyioT TpH 30Hbi (US Patent 5135853 
Dzewulski et al., 1992; US Patent 5478730, Alakhov et ah, 1995, DE Patent AppL. 
19832160.0 Al, Bauer et al., 1999): 3ony BBO.ua nHTarcnuen CMecH, 30hv c peaKUHOHHOH 
CMecbK) h 30Hy BbiBcaa nporiyKTOB CHHTe3a. TaKoe pa3MemeHHe 30H Bbi3biBajiocb 

Heo6xOflHMOCTbK> nOXUiep>KaHHM nOCTOJIHHblX yCJIOBHH CHHTe3a. B^aHHOM H306peTeHHHH, 

acjDcfieKTMBHOCTb CHHTe3a jjojDKHa o6ecnenHBaTbCH c ozihoh CTopoHbi 3a cneT no.aaep>KaHHfl 
b peaKUHOHHOH cmcch nocroHHHoro cocTaBa smhhokhcjiot h pma. apyrnx KOMnoHeHTOB h 
aKTHBHOro (b pe>KHMe CFCF) hjth naccHBHoro (b pe>KHMe CECF) perynHpoBaHH* 

BeJTHHHHbl KOHUeHTpaUHH Bbl6paHHbIX KOMnOHeHTOB. 3tO yCJIOBHe B 3HaM HTeJTbHOH 

CTeneHH onpeziejweT Bbi6op kohctpvkuhh peaKTopoB, npenHa3Ha4eHHbix nnx pa3Hbtx 
pe>KHMOB. HanoojibLiiee KOJiHHecTBO npHMeHeHHH o6ecnenHBaeT KOHCTpyKUH* peaKTopa c 
xlbv mh nopHCTbiMH 6apbepaMH KOTopbie c{DopMHpyiOT Tpn 30Hbi b oo-beMe peaKTopa. 

KOJIHieCTBO 30H MCOKeT 6bITb 6oJIbLUHM B 3aBHCHMOCTH OT KOHCTpyKTHBHblX 

ocoGeHHOCTew peaKTOpHoro Monynx. 

BejiHHHHa o6^eMa peaKUHOHHOH cmcch 3aBHCHT ot ycnoBHH h uejiH npoBe/ieHHa 
cHHTesa. M3BecTHO (US Patent 5324637, Thompson et al., 1994), mto juia 
MCCJie^oBaTejibCKHX uejien CHHTe3 ocymecTBJiHiOT b MHKpoo6-be.\iax. Chhtc3 b 
npenapaTHBHOM MacuiTaoe (EP Patent 0593757, Baranov et al., 1997) npoH3BOH*T 
peaKTopax c ooteMOM ot 1,0 mji. &nx ocymecTBJieHHfl cnHre3a b HCCJienoBaTejibCKHx 
ueriflx mhhh m ajib h bi h peaKUHOHHbiH oo-beM BbiGnpaioT b npenenax ot 50 no 500 mkji. 
C h htc3 b npenapaTHBHOM kojih necTBe BeziyT b ozihom »nn HecKOJibioix peaKHHOHHbix 

MOJVJlflX C OOTeMOM OT 500 MKJI. nO IOMjT. KOHHMeCTBO peaKUHOHHblX o6ie,MOB. 

Bxonsmnix b peaKTop, mokct Jie>Kaxb b ^nana30ne ot 1 no 10 b 3anncnMocin ci- 
ne no/ib30BaHH£ t h n o b peaKTOpHbtx woziYJieii. 




B KaHcaofi tohkc peaKUHOHHoro o6"beMa non>KHO ohhobpsmshho ocymecTBjmTbca 
Tpn npouecca: a) bbozj nmaiomeH cpenbi; 6) otbojx HH3KOMoneKyjiHpHbix nponyKTOB 
MHrH6HpyiomHX npouecc CHHTe3a; b) $opMHpoBaHHe BpeMeHHoro h3mchghhh 
KOHueHTpauHH BbiopaHHbix KONinoHCHTOB, onpenenfliouj,HX 3(()({)eKTHBHOCTb npouecca 
CHHTe^a. ripe^no4THTejibHOH flBJiaeTca KOHCTpyKiina MO^yjm peaKTopa, B KOTOpOH 
ocymecTBJi5iK3T 4>opMHpoBaHne tohkhx cnoes peaKUHOHHOH cm ecu hk)6oh ({)OpMbI. 
Tojiluhhv cnoa BbiSnparoT H3 ycnoBHs, hto nenpepbiBHbiH o6\ieH komoohchtob 
peaKUHOHHOH CMecH h nHTajouien CMecu huh noTOK nHTawmefi CMecn nepe3 peaKUHOHHyio 
CMecb Taione kbk h ynanemie HHSKOMoneKynapHbix nponyKTOB HHrn6npyiomnx ch hts3 
ZXon>KHO nponcxo^HTb 3a speM* b TeneHHe KOToporo chhtc3 He CHH>KaeTC* miace 
ztonycTHMoro ypoBH*. PeaKUHOHHaji CMecb mokst 6biTb noMemeHa b o6"beM jiio6oh 
4>opMbi, KOTopbiH 4>opMHpyeTCH Me>Kny noBepxHOCTAMH nopncTbix 6apbepoB. ripH 
ncnojib30BaHHH nojibix bojiokoh, nnocKHX Mesi6paH hjih hx KO\i6nHaunH, anopsia 
peaKUHOHHoro oo-beMa mo>kct 6biTb hjih UHJiHHUpHHecKOH hjih BbinojiHeHa b Bune 
nnocKoro cjtoh c tojiluhhoh ot 0,l no 5mm. BHyTpeHHne o6"beMbi peaKUHOHHOH cm ecu h 
nmawmefi cmcch \iorvT nepeMeujHBaTbca hjih 3a cneT co3naHHH UHpKyn^iuH h 
peaKUHOHHOH CMecH no 3a\iKHyTOH nerjie c HcnoJib30BaHneM wacoca (US Patent 5434079, 
Mozayeni, 1995), hjih 3a cneT BCTpaxHBaHHa peaKTopa (US Patent 5593856, Choi, 1997), 
hjih c noMOiiibK) MarHHTHOH m e lu an k h (Kim and Choi. 1996). 06-beM peaKUHOHHOH CMecH 
MO>KeT npe/jBapHTejibHO 3anonHHTbca pa3JinMHoro pona cenaparopaMH hjih 
HanojiHHTenflMH opraHHHecKoro h HeopraHHnecKoro npoHCxo>KneHH*. B KanecTBe 
xaxoBbix Moryr ObiTb ncnojib30BaHbi nopucTbie, cnoncTbie, KanHJiJiapHbie MaTepnanbi 
BbionpaeMbie H3 rpynnbi: a) cfnmbTpoB H3 chhtcthhcckhx nojiHMepHbix hjih 
neopraHHMecKHX MaTepnanoB, 6) nopncTbix MeTannoB hjih hx k o m n 03 huhh, b) 
reneo6pa3Hbix CTpyKTyp- BseneHne nopncTbix MaTepnanoB c pa3MepaMH nop ot IOmkm. 
no 0,1mm., b pea klihohh y fo CMecb no3BO.iaeT VBennHHTb nnomanb Ha KOTOpon 
nponcxonHT coynapeuHe MOneKyn. hto b k o h e m h o m HTore BeneT k B03pacTanHK> CKopocTH 
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peaKUHH cB*3aHHbix c cHHTe30M (Alberts et aL, 1983). B rpynny MaTepHajiOB KpoMe 
nouHiviepHbix MaTepHajiOB, HeopraHHnecKHx okchziob, ueojiHTOB (US Patent 5593856, 
Choi, 1997) MoryT BxoztHTb cop6eHTM ncnojib3yeMbie jinn xpoMaTorpac})HH, b tom HHCJie h 
a4>cj3HHHbie (Maier et al., 1998), c noMombio KOTopbix mo>kho BbiaejiHTb H3 peaKUHOHHOH 
cHCTeMbi ueneBofi cnHTe3npyeMbiH nojiHnenTH/j. Hcnojib30BaHHe nopHCTbix MaTepHajiOB 

JllOOOrO TMna OrpaHHHHBaeTCH JIHLLib HX XHMHMeCKOH aKTHBHOCTbKO H B03MO>KHOCTbIO 
MHrn6HpOBaHH« CMHTe3a. 

IlopHCTbie oapbepbi, TaKne KaK MeM6paHbi, nonbie BOiiOKHa h ztpyrne nopHCTbie 
CTpyKTvpbi zioji>KHbi o6ecneHHBaTb o6MeH KOMnoneHTOB Me>Kjxy nuTaromeH crviecbto h 
peaKUHOHHOH cMecbio hth HrpaTb poiib pacnpeneiiHTejiew noTOKOB nHTaromen CMecH 
nepe3 peaKUHOHHHH o6^eM. HeT orpaHHneHHH cB^aHHbix c o/jHOBpeMeHHbiM 
Hcnoiib30BaHHeM b peaKTope nopncTbix 6apbepoB pa3Hbix th noB (MeM6paHbi, nojibie 

BOJIOKHa) H pa3HbIX TVinOB MaTepHajiOB (TBepZlblX HJ1H TBepHblX B KOM6HHaUHH c 

rejreo6pa3HbtMH CTpyKTypaMn). nopHCTbie oapbepbi MoryT 6biTb HcnoJib30BaHbi b bmjxq 

OHHOCJIOHHblX HJIH MHOrOCJIOHHblX KOHCTpyKUHH, BKJUOHafl HCn0JTb30BaHHe pa3HbIX 

MaTepHajiOB. 

npuBeneHHbie b onHcaHHH KOHCTpyKTHBHbie BapwaHTbi, cBH3aHHbie c 
pa3MemeHHeM nopncTbix 6apbepoB ztpyr OTHocHTenbHO jxpyra, MoryT 6biTb 

MOjIH(j)HUHpOBaHbI B flpyrwe BapHaHTbl Ha OCHOBe H3BeCTHbIX 3H3HMH. 

npMMepbi ocyinecTBJieHHH n3o6peTennfl 

Hn>Ke npHBOZt^TCH npHMepbi BapnaHTOB 4)opMHpOBaHHH noiOKOB (nHTaiomeH 

CM eCH , HOnOJIHHTeJlbHOH CMeCH HJIH HX KOM6HHaUHH) B peaKTOpHblX MOZIVJIflX JUI5! 

ocvmecTBJieHHM acj^eKTHBHOro ch HTe3 a b pe>KHMe HenpepbiBHoro o6\ieHa (CECF) hjih 
pe-yKUMe nenpepbiBnoro noTOKa (CFCF). 
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npHMep 1 ■ 

Ha cpvir, 5 npeziCTaBJieHO cxerviaTHMecKoe H3o6pa>KeHHe peaicropa 10 c o^hhm 
nopucTbiM oapbepOM 11, KOTOpbiH pa3^eji^eT o6luhh o6teM peaKUHOHHoro mouvjih Ha 
aBe qadH . B ohhoh qacTH o6-beMa 14, orpaHHMeHHOH noBepxHOCTbio nopHCToro 6apbepa 
11, pa3MemaK>T peaKUHOHHyio CMecb, KOTOpyio bboiwt nepe3 bxoh l. Bo BTopyio nacTb 
oo-beNia 15 wepe3 bxoji 2 bbcxhht nHTajomyjo cvtecb , KOTOpaa conpHxacaeTCH c 
noBepxHOCTbio nopHCToro 6apbepa 11. riopucTbiH 6apbep MO>tceT HMeTb njiocxyio hjih 

liHUM HJipH HCCKVK) ({jOpMbl. B nepBOM CJIVHae HCnOJTb3YK)T AHaJlH3Hbie HJTH 

yjibTpacJjHJibTpauMOHHbie MeMOpaHbi, BbinojiHeHHbie b bhjxc jihckb., KBanpaTa hjih 
npjiMOvrojibHHKa. Bo BTOpOM cjiynae HcnojTb3y kdt nonbie BOJiOKHa hjih zmaJiH3Hbie 
MeuiKH. HHKyoauHK) peaKUHOHHOH CMecH npOBonaT npH TeMnepaType jiexcaiueH b 
^nana30He ot 20 no 40 °C. TeMneparypHbiH ^Hana30H npe^noHTHTejibHbiH nnx 
3KCTpaKxa nmeHHiibi jiokht b nHana30He ot 20 30 26°C zljw pexHKyjiouHTHOro jiH3axa 
Hcnoiib3VK)T nnana30H ot 28 no 38°C, npn paooTe c 3KCTpaKTOM E-coli Bbi6npaioT 
TeMnepaTvpHbifi nnana30H b npenenax ot 20 no 38 C C. jinx noBbnueHHH sc^eKTHBHOCTH 
o&NieHa MOK^y nHTaromen civiecbK) h peaKUHOHHOH CMecbK), co3£anoT TaHreHUHanbHbie 
nOTOKH sziojib BHVTpeHHew h BHCLUHeH noBepxHOCTH Mesi6paHbi. jinx pe>KHMa CECF 
napaMeTpbi nopHCToro 6apbepa Bbi6npaK)T H3 ycjiobhh BbiBona H3 peaKUHOHHoro o6"b6Ma 
mibKO HinKOMOjieKyjiHpHbix KOMnoHeHTOB (pa3Mepbi nop Jie>KaT b nnana30He zio 30kD), 

HJIH OZlHOBpeweHHO HH3KOMOJieKYJlflpHbIX H BblCOKOMOJieKVJIJlpHblX KOMnOHeHTOB 

(pa3Mepbi nop Bbionparcrr b npenejiax ot 30 no lOOkD). Bxozibi 1 h 2 b peaKTopHbifi 
Mozivjib MoryT 6biTb repMeTHHHO 3aKpbiTbi b npouecce cHHTe3a hjih OTKpbiTbi h b hbyx 
MacTHX peaKUHOHHoro o6T>eMa 3btom 3thmcckh nozmep/KHBaeTCH onHnaKOBoe naBJiemie. 
3to no3BOJifleT b npouecce cnHTe3a BBOjjHTb b peaKUHOHHyio c.viecb hjih b nuTaiouiyio 
cviecb cvocrpaTbt no.oaep>KHBaFOLUHe chhtc3 hjih /ionoJiH HTe/ibHO h 3 m e h h T b 

KOHUeHXpaUHK) BblOpaHHblX KOMnOHGHTOB H C3 a B HC H M O OT npOUeCCa /JH(}3C{)y3HH. nepeu 

naMajioM CHnxe3a BbionpatoT cooTHOLuenne ooieMOB pea kuho h hoh cviecH h nHTaioaien 




cNiecu b npezieiiax ot 1/5 ao 1/100 n cooTBercTBeHHO Bbi6HpaiOT cooTBeTCTByiom,HH thfi 
peaKUHOHHoro Monyna no xapaxTepHCTHxaM 06-beMa, pa3Mepa nop h nnoma/iH 
AHaJTH3HOH MeM6paHbi. 

Hn>Ke npHBOzmTca npuMepbi Hcnojib30BaHHfl npejmaraeMoro cnoco6a cnHTe3a b 
pe>KHNfe HenpepbiBHoro noxoKa (CFCF) 

Chhtc3 nojinnenTH/iOB b aHajiHTi-mecKHx aenflx npOBO^HTca b MHKpopeaKTopax c 
peaKUMOHHbiM o6-beMOM ot 50 MKJi. Chht63 nojiHnenTHAOB b npenapaTHBHbix 
KOJTHHSCTBax HaioiazibiBaeT cboh ycjiOBH« Ha cnocoG CHHTe3a h KOHCTpyKUHio peaKTopa. 
Hn>Ke paccMaxpHBaK)TCH BapnaHTbi, KOTOpbie motvt 6biTb BbinojiHeHbi c nOMOuibK) 
o^HOKaHajibHbix h MHorOKaHajibHbix peaKTopOB, b tom HHCJie h c pa3nejieHHeM noTOKon 
BHyTpH peaKUHOHHoro o6-beMa. BapwaHTbi nopncTbix SapbepoB, hx napaMerpbi, TOJiiunHa 
cjioji peaKUHOHHOH CMecH bo MHoroM aHajiorHHHbi paccMOTpeHHbiM paHee BapnaHTaM. 

KoHCTpyxuHH peaKTOpos, Hcnonb3yeMbie b npOTOMHOM pe>KHMe, noji>KHbi 
no3BOJi^Tb o6ecneHHBaTb bbo/z b peaKunoHHbm o6-beM He TOUbKO nirraioiueH civtecH. b 

KOTOpyfO BXOXUIT HH3KOMOJieKyH51pHbie KOMnOHeHTbi, HO H BBOR BbICOKOMOJieKyJT5ipHbIX 

kom noHCHTOB, HenocpencTBeHHO b peaxuHOHHbiH o6^eM hjih qepe3 nopHCTbifi 6apbep. 
nocjie^HHH BbinoiiH^eT cJ)yHKUHio pacnpe^ejiHTejw noTOKa h HMeeT pa3Mep nop no 5000 
kD, nepe3 KOTOpbie cbo6oziho npoHHKaer oojibiuHHCTBO KOMnoHemoB, bxouhluhx b S30 
3KCTpaKT HCKJifOMan pHGocoMbi h o6pa30BaH Hbie BOKpyr Hee KOMnneKCbi. Mhcjto 

B03MO>KHbIX KOHCTpVKUHH peaKTOpOB, KOTOpbie MO>KHO pa3pa6oTaTb Ha OCHOBe 
H3BeCTHbIX 3H2HHM ZIOCTaTOHHO B QJl HKO H I~I p HBSiieH H bie HH>Ke npHMepbl He OFpaHHHHBaKDT 

ooiracTb npHMeneHHH zipyrnx BapnaHTOB. 
npHMep 2 

CnHTe3, b pe>KMMe HenpepbiBHoro BBOna nmaiomeH cm ecu c pa3jzeneHneM 
BbixoziHbix noTOKOB na c))paKUHM cozxep/KaiiiHe BbicoKOMOJieKyjiapHbie h 
h H3KOM oncKyjiMpH bie KOMnonenTbi cm HTC3a (CFCF-BF), no3BOJiaeT KOnueHTpnpoBaTb 
CMHTe3iipyeMbiH no.TMnenTHA BuyTpn peaKiinon noil cm ecu 3 a cm ex h 23 a bhch m oro 
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peryjinpOBaHHfl Bbixo/jHbix noiOKOB. Ha fynr. 6 npe/jCTaBJieHO cxeMaTHHecicoe 
H3o6pa>KeHHe peaKUHOHHoro MO/jyjiH h HanpaBJieHHe noTOKOB, KOTOpbie 4)opMHpyK)TCH b 
pe>KHMe pa3/je-JibHoro BbiBO/ja BbicoKOMOJieKyjiapHOfi F40 h HH3KOMOJieKy/iHpHOH F30 
cjjpaKUHH. PeaKUHOHHbiH Monyjib HMeeT KOpnyc 10 jBa nopMCTbix 6apbepa 1 1 h 12, 
KOTopbie c})opMHpyK>T peaKUHOHHbiH o6-beM 14, pacnono>KeHHbiH Meacay BHyTpeHHHMH 
noBepxHOCT5iMH nopucTbix 6apbepoB h nse 30Hbi 15 h 16 jxns\ BBO/ja/BbiBO/aa >KH/j,KOCTHbix 
KOMMyHHKauHH, KOTOpbie KOHTSKTHpv KDT c BHemHefi nosepXHOCTbio nopucTbix 6apbepoB. 
nonroTOB^eHHaa peaKUHOHHaa CMecb bbohhtch b peaKUHOHHbiH ooteM Mepe3 bxoa 1. Ha 
3tot >Ke bxoa b npouecce cnHTe3a nonaioT: (a) miTaiomyfo CMecb F10; (6) 
aonojiHHTe^bHVio CMecb F20; (b) $paKUHK> BbicoKOMoneKyjiapHbix KOMnoHeHTOB F50. 
nonany nHTaiomcH cmcch na Bxoa 1 ocyuiecTBJiaiOT HenpepbiBHO hjih nepnonHHecKH. 
Jono-iHHTenbHVio CMecb F20 h $>paKUHio BbicoKOMOJieKyjiapHbix KOMnoHeHTOB F50 

nOjaiOT B peaKUHOHHYK) CMeCb B 3aBHCHMOCTH OT VCJIOBHH CHHTe3a OAHOKpaTHO, 

nepnoziHHecKH hjih HenpepbiBHO. OpaKUHto BbicoKOMonex-ynapHbix k o m n o h e h to b F50 
bbohht b peaKUHOHHbiH o6T=eM He3aBHCHMO ot nHTaiomew cmcch F10, hjih 
BbicoKOMOJieKyn«pHbie KOMnoHewTbi npe/jBapHTeJibHO CMeuiHBaioT c nHTaFomen cMecbK). 
CnHTe3 MO>KeT 6biTb ocy mecTBJieH 6e3 BBOzia (JjpaKunH F50. nepen HanajiOM CHHTe3a 
BbiOHpahOTCH cooTHOLueHHS Mexcay o6-beMaMH BBonHMbix no vcjiobham 3KcnepHMeHTa 
ctppa kuhh nHTaiomen cmcch, /jonojiHHTenbHOH CMecu h BbicoKOMOJieKVJWpHOH ctppaKUHH 
no oTHOLueHHio k o6teMy peaKunoHHOH cm ecu h ckopocth noTOKa 3thx cf)paKUHH nepe3 
peaKUHOHHbiH oo-beM. Pa3Mep nop nepBoro nopncxoro oapbepa 1 1 Bbi6npaK)T hcxo/i* H3 
MOJieKvjiMpHoro Beca h pa3MepoB uejieBoro nojninermoa b npeuejiax ot 30 no 100 kD, 
pa3Mep nop BToporo nopHCToro oapbepa 12 Bbi6npaiOT b npe/jenax no 30 kD. B 

3 a B H CH M OCTH OT BbtOpaHHOTO pOKHMa CHHTC3a BblOHpaiOT COOTHOIJJCH He OOICMOB 

npoxojjfluinx nepc3 nepBbiu h Bropofi nopucTbie oapbepbi b npe/jenax ot 1/1 no 1/100. 
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IlpHMep 3 

Ha fyvir. 7 npHBe^eHO cxeMaTHnecKoe n3o6pa*ceHHe noTOKOB b peaKTope b 
KOTOpoM nepBbiH h BTopoH nopHCTbie 6apbepbi hmciot o/iHHaKOBbiH hjih pa3HbiH pa3Mep 
nop /ie>KamnH b npenenax jxo 30 kD. B 3tom cnynae CHHTe3 npoHCXoziHT 6e3 BbiBO^a 
BbicoKOMOneKyn^pHOH (J)paKUHH F40 h uejieBoro npoayKTa H3 30Hbi cHHTe3a (CFCF-RP), 
a noTOKH F3I h F32 conep}KaT rojibKO HH3KOMOJieKyjiflpHbie KOMnoHCHTbi cHHTe3a. 
/JanHbiii pc>KH m Hcnonb3yiOT b rex cnyqajix, Kor^a CHHTe3npyeMbiH nonnnenTMA 
npeBbiuiaeT BejiHHHHy 80-100 kD hjih Korna HaKOnjieHne cnHTe3npyeMoro nojinnenTHAa b 
peaKUHOHHOM o6-beMe He HHrH6HpyeT npouecc cHHTe3a. Pe>KHMbi BBo.ua nHTaKomen cmcch , 
aonojiHHTejibHOH CMecH, h c})paKUHH c BbicoKOMOJieKynnpHbiMH ko m n o h e ht a M H 
aHajiorHHHbi pe^HMy CFCF-BF. 

FIpHMep 4 

IIopHCTbie 6apbepbi mo>kho Hcnonb30BaTb Kax pacnpezieiiHTejiH hotokob 
nnrapomeH c\iecn h nononHHTenbHOH cmsch b Tex cjiynaflx, Korzja oS^eM, b KOTOpbiH 
bboahtch peaKUHOHHaj? CMecb, 3anoJiHeH nopHCTbiMH CTpyKTypaMH h nepeMeiuHBaHHe 
peaKUHOHHOro o6i>eMa 3aTpyziHeHO hjih He bo3MO>kho. 

Ha cJ)Hr. 8 npnsexieHa cTpyKTypHaa cxe.via peaKTopnoro moavjlh h HanpaBJieHHe 
noTOKOB b pe>KHMe CFCF-RP, b kotopom nepBbiH nopncTbiH 6apbep nrpaeT ponb 
pacnpenejiiiTejm noTOKa nHTaiouieH cmgch FIO h jnonojiH HTenbHOH CMecH F20. Pa3Mepbi 
nop nepBoro nopucToro 6apbepa 1 1 Bbi6npaiOTCfl b npezienax no 5000 kD. 3to no3BOJifleT 
BBOjiHTb nepe3 nepBbiH nopncTbiH 6apbep nacxb cj)paKUHH BbicoKOMOJieKyjiapHbix 

KOMnOHCHTOB F5 1 , eCJIH pa3MepbI KOMnOHeHTOB B K JI KD M e H H b I X BO (fipaKUHK) F5 1 MeHbLUe 

pa3MepoB nop nepBoro oapbepa. K t a k h m ko m no HeHTa m othocatch tRNA, c[)epMeHTbi h 
np. Ilpn neooxonHMOCTii pHOocoMHVio c})paKUHK) F52 b boh at b peaKUHOHHbiH o6-beM 14 
nenocpencTBenHO wepe3 >khhkocthoh bxoh 1. napaMcrpbi BToporo nopncToro 6apbepa 
b biOHpaHDTCH b ripened ax no 30 kD. FIotok mnKOMOJiCKyjiflpHbix kom noHenTOB cnHTe3a 
F30 HurHOitpvioiiinx pa Gory chctcmw bmbohhtch Mepe3 bbixoh 5. 




npHNtep 5 

Ha 4>hi\ 9 npuBe^eHO cxeMaTunecKoe H3o6pa>KeHHe noTOKOB juw p«KHMa CFCF- 
RF b kotopom ocymecTBjmeTCfl nepnozuiHecKaa civieHa HanpaBJieHHH nojiaMH nuTaioiueH 
cpeabi qepe3 nepBbin h BTopofi nopHCTbie 6apbepbi. B 3TOM pe>KHMe, npenHa3HaHeHHOM 
jjfi${ jwnrenhHoro CHHTe3a nojinnerrrmioB, nepeionoHeHHe HanpaBJieHHH noziann 
nuTaiomeH cviecH no3BOJifleT oMHiuaTb nopbi nepBoro 11 h BToporo 12 nopncTbix 
oapbepoB. CnHTe3 npOBO/XHT ujiu 5e3 BbiBO,aa BbicoKOMOneKYJitfpHbix npo/ryKTOB H3 
oo-beMa peaKTopa ( pa3Mep nop nepeoro h BToporo SapbepoB Bbi6npaeTCH o^HHaKOBbiM h 
jie>KHT b AHana30He no 30 kD), hjih b pe>KHMe c otdopom nacTH CHHTe3npye,Moro 
npojyKTa H3 peaKUHOHHoro o6-beMa (pa3Mep nop nepBoro nopHcroro 6apbepa Bbi6npaiOT 
no lOOkD, a pa3Mep BToporo nopncToro oapbepa no 30kD). IIotok bmcoko- 
MoneicyjiapHbix KOMnoHeHTOB F50 bbohhtch wepe3 bxojx I b peaicuHOHHbifi 06-beM. B 
npouecce cHHTe3a c{>opMHpyiOT N LuaroB BBO/xa nHTaioineii CMecn h zion o ji hht e ji b h o h 
CMecH. Ka^biH mar pa36nBaK)T Ha UBa nepnona. B TeneHHH nepBoro nepnona c 
noMombK) KHOTOCTHbix KpaHOB pe3epByapbi c nHTafomen cMecbio h flonojiHHTejibHOii 
CMecbio noziKJiioHaioT k Bxoziy 2. FIotokh nmaiomeH csiecu Fl 1 h nOTOK nonoJiHHTejibHOH 
CMecn F21 bboji^t b 30Hy 16, KOropa^ cc{)opMHpoBaHa noBepXHOCTbfO nepBoro nopncToro 
6apbepa II. ^Iepe3 nopbi nepBoro nopncToro 6apbcpa nHTaiomaa h nonojiHHTenbHaa 
CMecn BBO/jflTC* b 30hv CHHTe3a 14 peaKTopa h nepe3 nopbi BToporo nopncTOro 6apbepa 

12 H3 30HbI CHHT63a HH3KOMOJieKyJl*pHbie KOMnOHeHTbi CHHTC33 B blBOAflTCH B 30HV 15 H 

zanee <£opMHpyiOT noroK 32 Koropbin b bi bozlht 3a npenejibi peaKTopa nepe3 Bbixon 5. 
riocjie OKOHHaHHJi nepBoro neptioaa KpaHbi nepeKJifonajOTCfl h noiiKJiTOHafOT pe3epByapbi 
c nmaiomeH cMecbfo h nono.nHHTe^bHOH CMecbio ko bxohv 3 , KOTOpbiH conpa^eH c 30hoh 
15, KOTOpaa cc|)OpMHpOBaHa BTopbiM nopucTbiM oapbepoM 12. IIotokh F12, F22 nepe3 
nopbi BToporo nopucToro oapbepa n pOH m ku pot b peaKUHOHHVK) CMecb h onHOBpevteHHO 
OMttmaioT nopbi BToporo oapbepa. Koiopbie 3aKpbLincb Ha nepBOM niare CHHre3a. 
Hn3KOMOJieKy^J?pHbie kom nOHCHTbi BbiBonaTca H3 peaKUHOHHoro o6"beMa Mepe3 nopbi 
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nepBoro nopucroro 6apbepa h $opMHpyioT noTOK F31 KOTopbiH BbmoaHTca H3 peaKTopa 
nepe3 Bbixo/i 4. PeryiiHpya AJiHTejibHOCTH nepBoro h BToporo nepnoAOB BBOXia hotokob 
nHTaiomeH h flonojiHHTejibHOH cmcch b peaKUHOHHbiH o6-beM 4epe3 nepBbifi hjih BTopofi 
nopwcTbie 6apbepbi H3MeH*JOT o6i>eMHoe cooTHOmeHne noTOKOB F31 m F32. 

npOMbiiuJienHan npHMennMOCTb 

H3o6peTeHHe mo>kho ncnojib30BaTb b nccjieflOBaTejibCKOH h npuKJiaziHOH npaKTHKe 
ana cHHTe3a noJinnenTMaoB b 6ecKJieTOHHOH CHcreMe Ha ocHOBe 3KCTpaKTOB 
3YKapHOTHHecKHX h n pOKapHOTHnecKHx KJieTOK. OnHcaHHbiH cnocoo n03BOJl>ieT 
HCCJienoBaTejno oiithm H3 HpoBaTb He TonbKO Becb npouecc cHHTe3a b nenoM , ho 
HCCJieaoBarb BKJiaa oTjxejibHbix komdohghtob b nozwep^KaHHe cHHTesa na crrnejibHbix 

3TanaX TpaHCKpHnUHH. TpaHCKpHnLIHH-TpaHCJIflUHH H TpaHCJIflUHH. 
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1. Mema CHHTe3a nojinnenTHHOB b 6ecKneTOHHOH CHcreMe, no KOTopoMy 

npHrOTOBJTHIOT peaKUHOHHyiO CMeCb, HCnOJIb3yfl KJieTOMHblH JIH3aT HJIH 3KCTpaKT, 
Bbl6HpaiOT pe>KHM CHHTe3a H 06iiaCTb 3HaH6HHH, B KOTOpOH yCTaHaBJTHBaKDT 

napaMeTpbi 6ecKJieTOMHOH CHCTeMbt w napaMeTpbi npouecca cHHTe3a, onperjeji* jot 
cnoco6 o6MeHa KOMnoHeHTaMH uewjxy peaKUHOHHOH c\iecbio h nHTawmefi CMecbio, 
BbiCupaioT THn h napaMeTpbi, no KpaHHew Mepe oxmoro, nopHCToro 6apbepa, 
bbo/wt peaKUHOHHyio CNiecb h nHTaiouuyto cMecb b peaxuHOHHbiH MOAyxib h 
npoBOA^T CHHTe3 , OTJinnajomeeca Teiw, mto Ha 3Tane Bbi6opa napaMeTpoB npouecca 

Onpe^eJUIIOT TMnbl Bbl6paHHbIX KOM nOHeHTOB, KOTOpbie BJIHJUOT Ha 3(j)(J)eKTHBHOCTb 

cHHTe3a, onperjejmiOT BepxHioio h hh>khk)io rpannubi £Hana30Ha, b KOTOpOM b 
npouecce CHHTe3a H3MeH5iK)T 3HaneHH5i KOHueHTpauHH Bbi6paHHbix KOMnoHeHTOB, 

(JlOpMHpyiOT flOnOJIHHTejTbHyiO CMeCb, B COCTaB KOTOpOH BXO^T Bbi6paHHbie 
KOMnOHeHTbl, BBOZWT ^OnOJlHHTeJlbHVK) CMeCb B peaKUHOHHyio CMeCb HJIH B 

nHTajomyio CMecb, npoBOHAT CHHTe3 b vcjiobhhx, Korna KOHueHTpauHH Bbi6paHHbix 
KOMnoHeHTOB H3MeH5iiOT b BbiGpaHHOM ,n,Hana30He, a KOHueHTpauHH ^pyrHx 

KOMnOHeHTOB nOZU(ep>KHBaK)T nOCTOHHHblMH. 

2. Cnoco6 no n.l, OTJiHMaiomHHCH tcm, mto no KpanHew Mepe ouhh H3 Bbi6paHHbix 
KOMnoneHTOB BxojiHT b cocTaB rpynnbi, cocTO^meR H3 Mg 2+ t K + , NTP, polyamine 

HJIH HX KOm6hH2UHH. 

3. Cnoco6 no n.2, OTJiHHafomHHCfl tcm, mto b cocTaB ohhoh H3 KOM6nHauHH 
Bbl6paHHbIX KOMnOHeHTOB bxozwt Mg 2+ h NTP. 

4. Cnoco6 no n.l, oTJiMMafOiuHHca tcm, mto cnoco6 cnHTe3a Bbi6HpaiOT no KpaHHen 
Mepe H3 oiiHoro pe>KHMa, BbionpaeMoro H3 rpynnbi BKJiioMaiomeH: TpaHCji^uHio, 
conpHKeHHyio TpaHCKpHnunio - TpaHCJinuHio, TpaHCKpnnunio - TpaHcnflunto 

npOBOAHMblX B OHHOM o6"beMe. TpaHCKpUnUHK) HJIH H3 KOm6hH3!JHH 3THX pOKHMOB. 
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5. Cnoco6 no n.4, oTnHHawmHHCfl tcm, mto, b 33.bhchmocth ot pexHMa CHHTe3a, 
NTP, KOTOpbie BKJiioqeHbi b cocTaB ixonojiHHTejrbHOH CMecH, coctoat H3 rpynnbi 
ATP,GTP,UTP,CTP hjih ATP,GTP. 

6. Cnoco6 no n.l, OTJiHnaiomHHCfl TeM, mto jionoJiHHTejibHyio CMecb bbo/jht b 
peaKUHOHHyio c\tecb no CHHTe3a hjih bo BpCMH chhtc3S, hjih nonoJiHHTejibHyto CMecb 
bbohht b Macxb nHTaiomeH CMecu no CHHTe3a hjih bo BpeMA cHHTe3a. 

7. Cnoco6 no n.6, oTJiHnaiomHHca TeM, hto bbo^ jjonojiHHTejibHOH CMecH bo BpeMfl 
CHHTC3S ocymecTBJiHioT o/iHOKpaTHO, nepnoAHHecKH hjih HenpepbiBHO. 

8. Cnoco6 no n.l, oTJiHHaiomHHCH TeM, hto bboh HH3KOMOJieKyjiiipHbix 
KONinoHeHTOB nHTaiomeH CMecH b peaKUHOHHyio CMecb BbiSnpaiOT H3 rpynnbi 
pe>KHMOB HenpepbiBHOro o5fvieHa hjih rpynnbi pe>KHMOB nenpepbiBHoro noTOKa hjih 

KOM6HHaUHH 3THX pOKHMOB. 

9. Cnoco6 no n.i, oLiHHaiomHHca tcm, hto peaKUHOHHyio CMecb npnroTaBJiHBaioT 
Ha ocHOBe 6ecKneTOHHOH cucreMbi KOTOpyio npHroTaBJiHBaiOT H3 KnexoK 

npOKapHOTOB HJIH H3 KJieTOK 3VKapHOTOB HJIH HX KOM6HH3LIHH. 




Our. 2 
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PEO>EPAT 

Cnoco6 CMHTe3a nojiHnenTHjuOB b avKapHOTHnecKHx h npoKapHOTHMecKHX 
6ecKjiex04Hbix cucTeNiax ocHOBaH Ha MOAH(f)HKauHH cnocoooB CHHTe3a b pe>KHMax 
HenpepbiBHoro noTOKa hjih HenpepbiBHoro o6MeHa, b KOTOpbix, napHjiy c 
nozmep>KaHHeM npouecca cHHTe3a 3a chqt BBO^a b peaKUHOHHyio CMecb 

KOMnOHCHTOB, nOZmep/KHBajOLUHX CHHTe3 H BblBOZia H3 peaKUHOHHOH CMeCH 
HH3KOMOneKV^pHbIX KOMIIOHCHTOB, HHrn6 H py IOUIH X CHHTe3. OCY LHeCTBJI5IJOT 
HenpepblBHOe M3 MCHGHHS KOHUeHTpaUHH, OnUOVO HnH HeCKOJlbKHX KOMnOHeHTOB, 

Koxopbix BbiDHpaiOT H3 rpynnbi Mg 2+ , K NTP, noun smh hob hjih hx 
KONi6HHauHH h KOTOpbie onpe,nejiflK>T ac^eKTHBHOCTb cHHTe3a b 3 ana H HO M 
iiHana30He n3MeH6HH^ KOHueHTpauHH. 



